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To All Interested Parties:

The U.S. Environmental Protection Agency (EPA) is pleased to release the Low Resclution
Coring Report for the Hudson River PCBs Superfund site. This report presents findings based
on the analysis of the low resolution sediment core data collected by EPA in 1994 for the
Reassessment. As part of this report, the 1994 sediment data is compared to sediment data
previously collected by the New York State Department of Environmental Conservation in 1984
and 1976 - 1978.

The Low Resolution Coring Report, Volume 2C-A, is an addendum to the Data Evaluation and
Interpretation Report, Volume 2C, which was released in February 1997. Combined, these
volumes are considered the third report in the series of six reports that will make up the Phase 2
Report of the Reassessment. The Phase 2 Report was divided into sections at the request of
members of the community interaction program, thereby allowing interested parties to comment
on the reports prior to the incorporation of the work into the risk assessments and the feasibility
study. [t also separates the Phase 2 Report into more manageable individual documents.

As with the previous Phase 2 Reports, it is important to recognize that the conclusions in this
report, although significant, do not indicate whether or not remedial action is necessary for the
PCB-contaminated sediments of the upper Hudson. The numerical analysis (computer modeling)
of fate and transport of PCBs, the associated ecological and human health risk assessments, and a
feasibility study must be completed before any such conclusion can be reached.

EPA will accept comments on the Low Resolution Coring Report until Monday, August 31,
1998. Comments should be marked with the name of the report and should include the report
section and page number for each comment. Comments should be sent to:

Douglas Tomchuk

USEPA - Region 2

290 Broadway - 20™ Floor
New York, NY 10007-1866

Attn: LRC Comments

EPA will present the findings of this report as well as the Scope of Work for the Human Health
Risk Assessment at a joint liaison group meeting in Albany, New York. Notification of this
meeting was sent to liaison group members several weeks prior to the meeting. In the interim,
between the release of this report and the end of the comment period, EPA will hold two public
availability sessions to further answer public questions regarding the Low Resolution Coring
Report and the Scope of Work for the Human Health Risk Assessment. These sessions will be
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held on Wednesday, August 19, 1998 at the Holiday Inn Express in Latham, New York from
2:30 to 4:30 p.m. and from 6:30 to 8:30 p.m., and on Thursday, August 20, 1998 from 6:30 to
8:30 p.m. at Manist College in Poughkeepsie, New York.

If you need additional information regarding this report, the availability sessions or with respect
to the Reassessment in general, please contact Ann Rychlenski, the Community Relation
Coordinator for this site, at (212) 637-3672.

Sincerely yours,

o —

Richard L. Caspe, Director
Emergency and Remedial Response Division
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Low RESOLUTION SEDIMENT CORING REPORT
EXECUTIVE SUMMARY

This report presents the findings from the analysis of data relating to the low resolution sediment
coring program for the Hudson River PCBs Site Reassessment Study. The low resolution sediment
coring program was designed to evaluate changes in sediment PCB inventory over time and the degree
of buria of PCB-contaminated sediments.

Low resolution coring refers to the relative thickness of the sediment slices analyzed during the
sampling program. In the low resolution coring program, the average thickness of a sediment dice was
9 inches (22 cm), compared to the 0.8-inch (2 cm) to 1.6-inch (4 cm) slices analyzed in the high
resolution coring program.

BACKGROUND - The Low Resolution Sediment Coring Report isacompanion to the Data Evaluation
and Interpretation Report, which was issued in February 1997. Similar to the Data Evaluation and
I nterpretation Report, the Low Resol ution Sediment Coring Report is based on geochemical analysis.
However, whereas the Data Evaluation and Interpretation Report primarily evaluated the transport
of PCBsthrough the analysis of water-column data and dated sediment cores, the Low Resolution
Sediment Coring Report assessestheinventory of PCBsfound in the Upper Hudson River sediments.
The geochemical analysisin these reports will be complemented and verified to the extent possible
by additional numerical analysis (i.e., computer modeling). Results of the computer modeling will
be reported in the Baseline Modeling Report, to be released in May 1999. In addition, the Low
Resol ution Sediment Coring Report does not explore the biological uptake and human health impacts,
which will be evaluated in future Reassessment documents.

The Reassessment Remedial Investigation and Feasibility Study is being conducted by the U.S.
Environmental Protection Agency in order to determine an appropriate course of action to addressthe
PCB-contaminated sediments in the Upper Hudson River. This study is a reassessment of the
Agency’ sinterim “no-action” decison madein 1984. During thefirst phase of the Reassessment, EPA
compiled existing data on the site and conducted preliminary analyses of the data. As part of the
second phase, EPA conducted field investigations to characterize the nature and extent of PCB
contamination in the Upper Hudson. The Phase 2 data, along with data from other sources, has been
used to better understand the fate and transport of PCB contamination in the river.

Two large-scale sediment investigations were previousy conducted by the New York State
Department of Environmental Conservation (NY SDEC) to characterize the extent and magnitude of
PCB contamination in the sediments--one from 1976 to 1978, and onein 1984. On the basis of data
gained from these investigations, approximately forty zones of highly contaminated sediments,
designated as hot spots, were identified. These data were used to estimate total PCB inventory in
Hudson River sediments at the time of the completion of both the 1976-1978 and 1984 studies.

OBJECTIVES - Thelow resolution sediment coring program, conducted in July and August 1994, had
two main objectives:

. Obtain new estimates of sediment PCB inventories at selected locations in the Thompson

Idland Pool to compare against the existing PCB sediment database constructed from the 1984
NY SDEC survey; and

ES-1 TAMS



. Refine the PCB mass estimates for alimited number of historic hot spot locations defined by
the 1976-1978 NY SDEC survey in the Upper Hudson below the Thompson Island Dam.

Low resolution sediment coring was performed to examine PCB contamination in alimited number
of areas and to augment and improve estimates of the sediment inventory and spatial distribution of
PCBs previoudy devel oped for these areas. The comparison of previous surveysto current conditions
is significant to the Hudson River PCBs Reassessment because changes in PCB inventories can
indicate areas of the river where PCBs are being lost and/or gained.

In the Thompson Island Pool, locations for most of the cores were selected by grouping the samples
into zoneswith minimal local sediment heterogeneity, thereby minimizing uncertainties dueto factors
other than PCB inventory changes. It was then possible to compare the 1994 data to the 1984
NY SDEC data and support general conclusions regarding PCB inventory change in the Thompson
Idand Pool. The coring locations below the Thompson Iland Dam were selected to generate PCB
mass estimates for areas which, based on previous estimates, represented approximately 75 percent
of the hot spot inventory below the dam. It isinappropriate to extrapolate the inventory changesin
those hot spots to other areas below the Thompson Island Dam. Other locations sampled were
selected to characterize near-shore sediments.

ANALYTICAL TOOLS- Low resolution sediment core samples were analyzed on a congener-specific
basis for PCBs, which allows for the same type of analysis of dechlorination products as was
conducted for the Data Evaluation and Interpretation Report.  1n addition, radionuclide analyses of
the isotopes cesium-137 and beryllium-7 in sediments were conducted. Beryllium-7 data were used
to determine whether the top of the core showed evidence of recent deposition. The cesum-137 data
were used to establish that the core had penetrated all post-1954 sediment, which correlates to the
PCB-containing sediments. The radionuclide data allowed the low resolution cores to be assessed
for completeness, because the absence of cesium-137 in the bottom of the core was a reliable
indicator that the core did not missany PCBsat depth (i.e., the core wascomplete). Becausethe 1994
inventories arefrom cores that were determined to be complete, and because the previousinventories
did not utilizeradionuclide analyses and therefore may have been underestimated, the observed losses
in PCB inventory are minimum estimates. Likewise, the observed gainsin PCB inventoriesin certain
areas are maximum estimates.

Major Findings- Theanaysespresented in the L ow Resol ution Sediment Coring Report lead to four
major findings as follows:

1. From 1984 to 1994, in the Thompson Island Pool, there has been a net loss of approximately
40 percent of the PCB inventory in sediments which have concentrations typical of hot spot sediments.

2. There waslittle evidence found of widespread burial of PCB-contaminated sediment by clean
sediment in the Thompson Island Pool. Burial is seen at some locations, but more core sites showed
loss of PCB inventory than showed PCB gain or burial.

3. The PCB inventory for Hot Spot 28 calculated from the low resolution coring data is

considerably greater than previous estimates. This apparent “gain” in inventory is attributed to
significant underestimates in previous studies rather than actual deposition of PCBsin Hot Spot 28
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4, From 1976-1978 to 1994, in the Upper Hudson below the Thompson Island Dam, there has
been anet loss of PCB inventory in hot spot sediments sampled in the low resolution coring program.

These conclusions are briefly described and explained below.

1 From 1984 to 1994, in the Thompson Isand Pool, there has been a net loss of
approximately 40 per cent of the PCB inventory in sedimentswhich have concentr ationstypical
of hot spot sediments. Sedimentsin the Thompson Island Pool with total PCB inventories of greater
than 10 g/m? (typical of hot spot sediments) exhibit a statistically significant loss of PCBs. This
inventory loss includes loss to the overlying water column as well as dechlorination. Specifically,
there has been roughly a 30 percent decline in inventory due to actual loss from the sediments (from
erosion, diffusion, groundwater advection, or other mechanisms) and a 10 percent loss via
dechlorination. When the 30 percent loss is combined with an average dechlorination loss of
approximately 10 percent, the result is atotal PCB inventory loss of approximately 40 percent.

The PCBslost from hot spot areas enter the water column and may be available to the food chain or
deposited in other areas.

2. Therewaslittle evidencefound of widespread burial of PCB-contaminated sediment by
clean sediment in the Thompson Idand Pool. Burial isseen at somelocations, but morecoresites
showed loss of PCB inventory than showed PCB gain or burial. Thirty percent of coring sites do
not exhibit burial, or may exhibit erosion, based on the absence of beryllium-7 in core tops.
Comparisons of sediment core profiles between the 1984 and 1994 data indicate that burial is not
occurring at more than half of the locationsinvestigated. Buria does occur at some hot spot areas,
but there is also evidence of sediment PCB loss occurring, often within the same hot spots. Again,
there is more evidence for sediment PCB loss rather than burial.

Beryllium-7 isanaturally-occurring i sotope whose presence in sediments indicates recent deposition
or interaction with surface waters within the six months prior to sample collection. The absence of
beryllium-7 was shown to be a statistically significant indicator of inventory loss. Absence of
beryllium-7 is attributed to a core collected in a non-depositional area or an area that has undergone
scour (erosion) of river sediment. Thus, this radionuclide was used to test a core top (0 to 1-inch) for
the presence of recently deposited sediment. Surficial sediments in which beryllium-7 was not
detected (no burial) had lower PCB inventories than cores in which beryllium-7 was detected,
indicating that burial of PCB mass by less contaminated sedimentsisnot occurring at these locations.
Although thisanalysisdoes not offer proof of sediment scour, it does show that buria of contaminated
sediments is not occurring in at least 30 percent of the coring sites.

The core profiles, or core results presented by depth, show an important finding. PCB maxima are
principally found in the top-most core layer in approximately 60 percent of the samples, which
represent shallow sediment (median core segment depth of 9 inches). These results indicate that
buria of PCB-bearing sedimentsis not occurring on an extensive basis and that high concentrations
of PCBsremain relatively close to the sediment/water interface.

In addition, the average depth to the maximum total-PCB concentration (taken asthe bottom of the core
section in which the PCB maximum was found) varied considerably according to whether the area
showed again or loss of PCB inventory. In the hot spots, for cores exhibiting a PCB inventory
increase, the average depth to the maximum total-PCB concentration was 18.7- inches (46.8-cm),
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contrasted to 10.6 inches (26.5-cm) in the cores exhibiting aloss of PCB inventory. The difference
in mean depth between areas of PCB lossand gainis statistically significant. This finding confirms
that the PCB-maximum moves downward in areas of PCB (and accordingly, sediment) gain, and does
not exhibit such burial in areas where PCB loss is occurring.

3. The PCB inventory for Hot Spot 28 calculated from the low resolution coring data is
consider ably greater than previous estimates. Thisapparent “gain” in inventory isattributed
to significant underestimatesin previous studiesrather than actual deposition of PCBsin Hot
Spot 28. An evauation of the 1994 data collected for the low resolution coring program found that
the PCB inventory in Hot Spot 28 was substantially greater than had been estimated in previous
studies. The Low Resolution Sediment Coring Report estimates the mass of PCBsin Hot Sot 28 to
be 20 metric tons. Previous estimates varied between two to seven metric tons. Therefore, based on
a comparison of these estimates there would appear to be alarge gain in PCB inventory. However,
further examination of the core profilesfor Hot Spot 28 shows that |ess than 50 percent of the sample
locations have evidence of deposition (burial). The remaining sites are either unchanged or have
undergone scour based on the presence of the maximum total-PCB concentration in the shallow
sediment. The deposition history recorded by the high resolution cores indicates that this type of
profile can only be caused by scour. Only between two to five percent of PCB mass was deposited
between 1977 and 1991 for two nearby high resolution cores, thus making such a large gain in
inventory unlikely. Therefore, the apparent “gain” of PCBsin Hot Soot 28 based on a comparison of
historical estimates to the current estimate is not real. There have been losses of PCBs from severd
locations within the hot spot and, overall, the hot spot represents no significant change in inventory.
The previous mischaracterization of the inventory probably results from an initial inaccurate
assessment of Hot Spot 28 by the 1976-1978 sediment survey caused by too many shallow cores and
grabs (i.e., “incomplete’ cores). EPA’s current estimate is based on cores that have been found to be
“complete” based on radionuclide analysis.

4, From 1976-1978 t0 1994, in the Upper Hudson below the Thompson Idand Dam, there
hasbeen anet loss of PCB inventory in hot spot sediments sampled in the low resolution coring
program. Whenthe 1994 total PCB inventory iscompared to the 1976-1978 inventory, adtatistically
significant loss of 50 to 80 percent of PCB inventory is seen for Hot Spots 31, 34 and 37. This
represents a potential loss of approximately 3 metric tons into the water column, although some loss
may be due to dechlorination. The other hot spots evaluated either appear unchanged or have not
experienced significant gainsin PCB inventory, with the exception of Hot Spot 28, as noted above.

Hot Spot 39 exhibits burial. Total-PCB concentrations are at greater depths than previous sediment
surveys. Because of the inability to obtain “complete” coresin this hot spot, there is uncertainty in
our current estimate as well as the previous estimates, making it difficult to determine whether there
isinventory lossor gain. Given this uncertainty, Hot Spot 39 is considered to not have experienced
asignificant change in inventory.

The sediment inventories of three areas appear unchanged (Hot Spots 25, 35 and dredge location 182),
but only one (Hot Spot 25) had a sufficient number of samples to confirm the lack of change.

It should be noted that the cal culations for Hot Spots 28 and 39 show large PCB inventories of 20 and
4 metric tons, respectively. Thisis greater than the inventory of the entire Thompson Island Pool,
which was estimated to be between 14.5 and 19.6 metric tons in the Data Evaluation and Interpretation
Report, based on the 1984 NY SDEC data.
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Overdl, hot spot sediments below the Thompson Iland Dam exhibit both losses and gains between
1976-1978 and 1994. Lossestotal aminimum of 3 metric tons. Apparent gainsin certain hot spots
were likely due to previoudy inaccurate estimates.

ADDITIONAL FINDINGS- There hasbeen anet gain of PCB inventory in areas of the Thompson Iland
Pool outside of thehot spots. Theadditional PCBs may have come from redistribution of PCBsfrom
high concentration areas or from PCBs that entered the pool from upstream sources, such as the GE
Hudson Falls Plant site. Sediments with total PCB inventories of less than 10 g/m? exhibit a
statistically significant gain of PCBs. However, thisnet gainisfound at alimited number of locations,
insufficient to support such afinding for all non-cohesive (coarse-grained) sedimentsin the Thompson
Isand Pool. Theincrease of PCB inventory in the Thompson Island Pool outside of the hot spots has
an upper bound of approximately 100 percent, although the actual gain is probably much less.

Comparison of the river bottom texture type indicated by the side-scan sonar images with the 1976-
1978 NY SDEC sediment survey grain-size data resulted in good agreement with one another. This
indicates that side-scan sonar can be used to classify large areas of the river bottom in terms of
sediment properties and that the river bottom depositional types remained constant. The comparison
between side-scan sonar results and PCB levelsin shallow sediments implies that side scan sonar
images can be used to estimate both shallow sediment PCB concentrations and PCB inventories. Hot
spot boundaries appeared accurate, athough in some instances hot spot areas needed to be increased
to include all nearby areas of high contamination.

Historical estimates of PCB mass in hot spots below the Thompson Island Dam assumed a solid
specific weight of 1 g/cc . Based on the low resolution core relationship between solid specific
weight and total PCB concentration, more appropriate values of solid specific weight ranged from
0.5 to 0.79 g/cc for the majority of the 1976-1978 hot spot sample locations. Applying a solid
specific weight based on length weighted average concentrations yielded about a 20 to 30 percent
decrease in the original PCB inventory estimates. In other words, the previous calculations of PCB
inventories were somewhat overestimated.

Sediments in the near shore environment, which was defined as within 50 feet of the shoreline, had
higher PCB concentrations than estimated in the Phase 1 Report. The Phase 1 Report estimated an
exposure point concentration of 66 mg/kg (parts per million) for the 95 percent confidence interval
of the arithmetic mean of the shall sediment concentraction based on the 1984 data, whereas the
current estimate would be within the range of 135 to 264 mg/kg. Implications of this change will be
addressed in the swimming or wading exposure scenario in the Human Health Risk Assessment.

SUMMATION - The decrease in PCB inventories in the more contaminated sediments of the Thompson
Isand Pool and from severa of the studied hot spots below the Thompson Island Dam, along with
theindication of an inventory gain in the coarse sediments of the Thompson Island Pool, indicate that
PCBs are being redistributed within the Hudson River system. These results show that the stability
of the sediment deposits cannot be assured.

Burial of contaminated sediment by cleaner material is not occurring universally. Burial of more
PCB-contaminated sediment by less contaminated sediment has occurred at limited locations, while
significant portions of the PCB inventories at other hot spots have been re-released to the
environment. Itislikely that PCBswill continueto bereleased from Upper Hudson River sediments.
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ASTM
Be

cm
¥Cs
DEIR
DN
ECD
GC
GE
QD
ITD
kg
kHz
LQ
LWA
MDPR
MPA
MPI
MW
NPDES

PHASE 2 REPORT - REVIEW COPY

FURTHER SITE CHARACTERIZATION AND ANALYSIS
VOLUME 2C-A LOW RESOLUTION SEDIMENT CORING REPORT
ADDENDUM TO THE DATA EVALUATION AND INTERPRETATION REPORT
HUDSON RIVER PCBs REASSESSMENT RI/FS

ACRONYMS

American Society for Testing and Materials

Beryllium-7

Centimeter

Cesium-137

Data Evaluation and Interpretation Report
Digital Number

Electron Capture Detector

Gas Chromatograph

General Electric

Interquartile Distance

lon Trap Detector

Kilogram

Kilohertz

Lower Quartile

Length-Weighted Average

Molar Dechlorination Product Ratio
Mass Per Unit Area

Malcolm Pirnie, Inc.

Molecular Weight

National Pollution Discharge Elimination

System

NYSDEC

PCB
PPB
PPM
QA
QAPP
RPD
RRT

TCL
TI
TKN
TN
TOC
uQ
USGS

Acro-1

New York State Department of
Environmental Conservation
Polychlorinated Biphenyl

Parts per Billion

Parts per Million

Quality Assurance

Quality Assurance Project Plan
Relative Percent Difference
Relative Retention Time
Relative Standard Deviation
Standard Deviation (also as SD)
Sampling and Analysis Plan
Special Analytical Services
Standard Operating Procedure
Solid Specific Weight

Total Carbon

Target Compound List (Organics)
Thompson Island

Total Kjeldahl Nitrogen

Total Nitrogen

Total Organic Carbon

Upper Quartile

United States Geologica Survey

TAMS



PHASE 2 REPORT

FURTHER SS'TE CHARACTERIZATION AND ANALYSIS
Volume 2C-A LOW RESOLUTION SEDIMENT CORING REPORT
Addendum to the Data Evaluation and I nterpretation Report

PARAMETER:

Arithmetic Mean

ASTM

Be

Box & Whisker Plot

Bulk density
BZ#
CIN

Chow's F test

HUDSON RIVER PCBsSREASSESSMENT RI/FS
GLOSSARY

DEFINITION

The sum of values divided by the number of values.

The sieve and hydrometer-based grain size distribution analysis. This analyisis a
modified version of ASTM Methods D421-85 and D422-63.

Radioisotope Beryllium 7 (pCi/Kg).

A plot which enables the quick examination of a number of variables and extraction of
the major characteristics including the median, upper and lower quartiles, interquartile
distance and ouitliers.

The mass of water and solids per unit volume of sediment (g/cc).
The PCB congener nomenclature system developed by Ballschmiter & Zell (1980).
Total Carbon to Total Nitrogen Ratio (molar).

Chow’s F test (Fisher, 1970) addresses the hypotheses that the parameters
have or have not changed between regressions devel oped for two data sets. It
isdeveloped by calculating error sum of squares or sum of squared residuals
(SSEs) for regression models on each of the datasetsindividually and an SSE
for aregression on the pooled data. The comparisonismadeby formingan F
statistic with k and (t; + t, - 2k) degrees of freedom, formed as (Kennedy,
1979) in which

_ [ SSE (constrained) - SSE (unconstrained)] / k

F
SSE (unconstrained)/(t,+ t, - 2K)
SSE(unconstrained) = the sum of the SSEs from the two separate
regressions,
SSE(constrained) the SSE from the regression on the pooled data,

ty the number of observations in the first sample set,

ts the number of observations in the second
sample set, and
k = the number of parameters in the model, including

the intercept term.
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PHASE 2 REPORT

FURTHER SITE CHARACTERIZATION AND ANALYSIS

Volume 2C-A LOW RESOLUTION SEDIMENT CORING REPORT

PARAMETER:

Clay %
Coarse Sand%

Congener

137 (g
DEIR

Deltag,

d(x)

DN

Fine Sand%

Fines

Geometric Mean

Geometric Mean
Diameter

Gravel %

Addendum to the Data Evaluation and Inter pretation Report

HUDSON RIVER PCBsREASSESSMENT RI/FS

GLOSSARY

DEFINITION

The resulting statistic can then be compared to atabulation of theF distribution withk
and (t;+ t, - 2k) degrees of freedom to test the hypothesis that parameters have
changed significantly between data sets 1 and 2.

Percent Clay - ASTM Classification by Laser Analysis (%).

Percent Coarse Sand - ASTM Classification by Laser or Sieve Anaysis (%).

The 209 different configurations of a PCB molecule resulting from multiple
combinations of hydrogen, chlorine and position on the byphenol molecule (two
benzene rings linked at a single point).

Radioi sotope Cesium 137 (pCi/Kg).

Data Evaluation and Interpretation Report.

The total PCB mass/areain 1994 minus the total PCB mass/areain 1984 divided by
the total PCB mass/areain 1984.

A grain-size distribution measure. The effective diameter of a theoretical sieve that
would retain X percent of the sample. Equally the effective diameter that is larger than
(100 - X) percent of asample. Vauesfor X are 10, 20, 30, 40, 50, 60, 70, 80, 90, or
99.

Digital acoustic signal values of the 500 kHz sonar images. Each pixel of thesde scan
sonar images has a number assigned according to the shade of grey with values
ranging from 0 to 255. The mean value of the assigned valuesin aregion isthe DN.

Percent fine sand - ASTM Classification by Laser or Sieve Anaysis (%).

Percent finesby ASTM Analysis- ASTM Classification (%). Correspondsto the sum
of clay and silt fractions by Laser anaysis.

The antilog of the sum of the log-tranformed values divided by the number of values.

Antilog of the arithmetic mean of the logs of the diameters. See also mean phi. Mean

diameter of mass weighted phi vaue (mm).

Percent Gravel - ASTM Classification by Laser or Sieve Analysis (%)
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FURTHER SS'TE CHARACTERIZATION AND ANALYSIS
Volume 2C-A LOW RESOLUTION SEDIMENT CORING REPORT
Addendum to the Data Evaluation and I nter pretation Report

PARAMETER:

Homologue

HSD

Laser

Mahanal obis Distances

HUDSON RIVER PCBsSREASSESSMENT RI/FS

GLOSSARY

DEFINITION

A grouping of PCB congeners based on the number of chlorine atoms on the
molecule. A PCB molecule can have from one to ten chlorine atoms. The
homol ogue groups are mono, di, tri, tetra, penta, hepta, hexa, octa, nona and deca.

Honestly significant difference. (See Tukey-Kramer HSD.)

Method for obtaining sediment grain size distribution. This method provides greater
resolution of fines.

Mahalanobis distances (SAS, 1994) are a means of determining outliers in a
correlation analysis. The Mahanal obis distance from the multivariate mean (centroid)
depends on estimates of the mean, standard deviation and correlation for the data. The
points with the largest distances are the multivariate outliers. For each observation
number the distance is denoted dand computed as:

d=y/(a-a) S (a - a)

where:
a isthe data for the ith row
a istherow of means
Sisthe estimated covariance matrix for the data
and (g - a)' isthetranspose of (g - a) matrix.

The distances are then compared to a reference distance determined by

NVE*n,

where:

n, is the number of variables

and F is a statistic with parameters including 95% confidence leve,
n,/ (n- n,- 1) degrees of freedom, and is centered at zero.
(n=number of observations)
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A

PARAMETER:

MDPR

MPA

MPA,

DMW

Mean Phi

Median

Median Diameter

Medium Sand%

Non-target

ddendum to the Data Evaluation and I nter pretation Report
HUDSON RIVER PCBsREASSESSMENT RI/FS

GLOSSARY

DEFINITION

If any of the distances are further from the center than the refernce distance they are
considered outliers. With the jackknife method, d; is calculated without including the
ith observation in the mean, standard deviation or correlation matrix. In this case,
outliers cannot distort the estimates of means or covariance.

Molar Dechlorination Product Ratio is the ratio of the sum of five congener molar
concentrations (BZ# 1, 4, 8, 10, and 19) to the total sample molar concentration.

The SPCB mass per unit area. The MPA was calculated from the product of the
concentraion of PCBs (mg/kg), length (m) and density (kg/m®).

MPA= §c * L * r,

i=1

The STri+ mass per unit area. The MPA;, was calculated from the product of the
concentraion of Tri+(mg/kg), length (m) and density (kg/m?).

MPA= §Cmiv © L ™ T,

i=1

The fractional difference in the mean molecular weight relative to Aroclor
1242.

Mass weighted mean phi value (phi). Theinverselog (base 2) of thisvaueis
the geometric mean diameter.

The data value located halfway between the smallest and largest values.

Thediameter inagrain size distribution located halfway between the smallest
and largest values.

Percent medium sand ASTM classification by Laser or ASTM Analysis (%).

One of the additional 36 congenersreported in the Phase 2 data set. Reported
values may or may not be calibrated.
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Volume 2C-A LOW RESOLUTION SEDIMENT CORING REPORT
Addendum to the Data Evaluation and I nterpretation Report

PARAMETER:

NYSDEC
Particle density

Percent Similarity

Percent Solids
Phi -0.5
Phi -1.0
Phi -1.5
Phi -2.0
Phi 0.0
Phi 0.5
Phi 1.0
Phi 1.5
Phi 2.0
Phi 2.5
Phi 3.0
Phi 3.5
Phi 4.0
Phi 4.5

Phi 5.0

HUDSON RIVER PCBsREASSESSMENT RI/FS
GLOSSARY

DEFINITION

New York State Department of Environmental Conservation..

Sediment particle density (g/cc).

A means of comparing grain size distributions. The lower value for each of the grain
size parameters is summed. The closer the sum is to 100% the more similar the
distributions are.

Mass of solids per unit mass of wet sediment. Max value = 100%.

Mass fraction with a diameter larger than -0.5 phi and smaller than -1.0 phi (%).
Mass fraction with a diameter larger than -1.0 phi and smaller than -1.5 phi (%).
Mass fraction with a diameter larger than -1.5 phi and smaller than -2 phi (%6).
Mass fraction with a diameter larger than -2 phi (%).

Mass fraction with a diameter larger than 0.0 phi and smaller than -0.5 phi (%).
Mass fraction with a diameter larger than 0.5 phi and smaller than 0.0 phi (%).
Mass fraction with a diameter larger than 1.0 phi and smaller than 0.5 phi (%0).
Mass fraction with a diameter larger than 1.5 phi and smaller than 1.0 phi (%).
Mass fraction with a diameter larger than 2.0 phi and smaller than 1.5 phi (%).
Mass fraction with a diameter larger than 2.5 phi and smaller than 2.0 phi (%).
Mass fraction with a diameter larger than 3.0 phi and smaller than 2.5 phi (%).
Mass fraction with a diameter larger than 3.5 phi and smaller than 3.0 phi (%).
Mass fraction with a diameter larger than 4.0 phi and smaller than 3.5 phi (%).

Mass fraction with a diameter larger than 4.5 phi and smaller than 4.0 phi (%0).

Mass fraction with a diameter larger than 5.0 phi and smaller than 4.5 phi (%).
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PARAMETER:

Phi 5.5
Phi 6.0
Phi 6.5
Phi 7.0
Phi 7.5
Phi 8.0
Phi 8.5
Phi 9.0
Phi 9.5
Phi 10.0
Phi 10.5

RPD

Sand %
Shallow Sediment

Shapiro and Wilk
W Test

HUDSON RIVER PCBsREASSESSMENT RI/FS

GLOSSARY

DEFINITION

Mass fraction with a diameter larger than 5.5 phi and smaller than 5.0 phi (%).
Mass fraction with a diameter larger than 6.0 phi and smaller than 5.5 phi (%).
Mass fraction with a diameter larger than 6.5 phi and smaller than 6.0 phi (%0).
Mass fraction with a diameter larger than 7.0 phi and smaller than 6.5 phi (%0).
Mass fraction with a diameter larger than 7.5 phi and smaller than 7.0 phi (%).
Mass fraction with a diameter larger than 8.0 phi and smaller than 7.5 phi (%).
Mass fraction with a diameter larger than 8.5 phi and smaller than 8.0 phi (%).
Mass fraction with a diameter larger than 9.0 phi and smaller than 8.5 phi (%).
Mass fraction with a diameter larger than 9.5 phi and smaller than 9.0 phi (%).
Mass fraction with a diameter larger than 10.0 phi and smaller than 9.5 phi (%).
Mass fraction with a diameter larger than 10.5 phi and smaller than 10.0 phi (%).

Relative Percent Difference is the absolute value of the difference between values
divided by the average of the values.

Percent Sand by Sieve Analysis - ASTM Classification (%6).
Sediment O - 12 inches below the sediment/water interface.

The W test (Gilbert, 1987) developed by Shapiro and Wilk (1965) is an effective
method for testing whether a data set has been drawn from an underlying normal
distribution. Furthermore, by conductiong the test on logarithms of the data, it isan
equally effective way of evaluating the hypothesis of alognormal distribution. TheW
test compares the range of values to the number and mean of the samples collected to
assess the probability of an underlying normal distribution. The hypothesis that the
underlying distribution is normal isrejected at the 95% confidence level.
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FURTHER SS'TE CHARACTERIZATION AND ANALYSIS
Volume 2C-A LOW RESOLUTION SEDIMENT CORING REPORT
Addendum to the Data Evaluation and I nterpretation Report

PARAMETER:

Silt Percent

Skewness

Solids specific weight

Sorting
Surficial Sediment

Target Congener

Theil's U Statistic

HUDSON RIVER PCBsREASSESSMENT RI/FS

GLOSSARY
DEFINITION
k
é ai ( X(n4i+1] ~ X[i])
W: i=1
Q -2
a(x-x)
i=1
where:
X; = data drawn at random from some population
k = n/2 if niseven
= (n-1)/2 if nisodd
a = coefficient for the Shapiro-Wilk test dependent on n

Percent Silt - ASTM Classification by Laser Analysis (%).

Statistical characterization of the degree of asymmetry of the phi values about the phi
class mean - Laser Analysis (Unitless).

Sediment solids specific weight (g/cc) i.e., mass of solids per unit volume of wet
sediment.

Standard deviation of the phi values - Laser Analysis (Unitless).
Sediment O - 2 inches below the sediment/water interface.

One of the original 90 target congeners chosen for the Phase 2 investigation. Reported
values are based on congener specific calibration and undergo data validation.

Theil’s U statistic, otherwise known as Theil’sinequality coefficient (Theil, 1961), is
often used for the evaluation of model simulation error. The U statistic gives a
measure of the consistency between forecasts (e.g., Low Resolution predictionsusing
the High Resolution model) and the data used to develop the forecasts. It rangesfrom
0 to 1, with O indicating perfect prediction. The variance of the U statistic can be
approximated (for U less than 0.3) as U?/T, where T is the number of samplesin the
“forecast”.

The U statigtic is defined as (Pindyck and Rubinfeld, 1981)
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PARAMETER:

Addendum to the Data Evaluation and I nterpretation Report
HUDSON RIVER PCBsREASSESSMENT RI/FS

GLOSSARY

DEFINITION

v 1

(1 g 13
J—a(vf)zq/;a(vﬁ)z

T t=1 t=1

a (ys-vey

=1

=

where;

Y simulated value for observation t,

Y§ = actua value for observation t, and
T total number of observations.

The numerator of U issimply the root mean square simulation error, but the scaling of
the denominator is such that U always falls between 0 and 1.

The U statistic may also be decomposed into portions attributed to bias or systematic
error (U™), variance or ability of the model to replicate the degree of variability in the
variable of interest (U°, and covariance or unsystematic error (U°). These
proportions of inequality, which sum to 1, are defined as:

. _a\2
uM= (YS - Ya) .
(WD (v-v2)
where;
VAl = the mean of the series Y7,
U S_ (S s°S a)d

S @Wmafys-ve)

the mean of the series Y2,

C— 2(1' r )S sSa
WD A& (vs-vd)’

C

the standard deviation of the series Y7,
the standard deviation of the series Y2, and

Ss
Sa
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PARAMETER:

Tl Dam

TI Pool

TKN

TOC

Total PCBs
Tukey-Kramer

Honestly Significant
Difference

HUDSON RIVER PCBsREASSESSMENT RI/FS
GLOSSARY

DEFINITION

r = the correlation coefficient of the two series.

When U is non-zero, a desirable evaluation of a model will show that the non-zero
component is dominantly attributable to the covariance or unsystematic component,
which represents non-controllable random variability. Weight on the bias component
indicates that the linear relationship differs between the two data sets. Weight on the
variance component indicates that the difference is attributable primarily to differing
variances between the two data sets.

Thompson Island Dam.

The Thompson Island Pool isthe segment of the Hudson River between RogersIdand and the
Thompson Island Dam.

Total kjeldahl nitrogen (mg/kg DW), a measue of organic nitrogen.

Tota organic carbon (percent DW).

The sum of the 126 congener concentrations used throughout the Phase 2 analysis.
Tukey- Kramer HSD (Box et a., 1978) is used to calculate the confidence interval for
ni - 0, when comparing k averages. Where nj and ni are the number of observations

made when populations i and j were tested. The confidence limits for
n - n are given by:

— — gy Ykpoae 1. 1
(y-y )t ¥ s [+
y| y] -\/i ni nJ
where:
?/i = the average of the observations made in population |
k = the number of averages being compared
v = the degrees of freedom in the estimate & of variance s?

G9 TAMS



PHASE 2 REPORT
FURTHER SS'TE CHARACTERIZATION AND ANALYSIS
Volume 2C-A LOW RESOLUTION SEDIMENT CORING REPORT
Addendum to the Data Evaluation and I nterpretation Report
HUDSON RIVER PCBsREASSESSMENT RI/FS

GLOSSARY
PARAMETER: DEFINITION
Tukey Kramer
Honestly Significant
Difference (Cont) J kv = the appropriate upper significance level of the studentized

range of k and v.

Any differencein averages greater than the confidence limit calculated is considered to
be significant. This formula is exact if the numbers of observations nin al the
averages are the same, and approximate if the averages are based on unequal numbers
of observations. Since the range statistic q i, , iS used rather than the t statistic dll
possible comparisons of averages may be made and the size of the confidenceinterval
for any given level of probability is larger. With a larger confidence interva
datisticaly significant differences can be detected with greater certainty.

STri+ The sum of trichloro to decachloro homologues.
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1. INTRODUCTION

1.1 Purpose of Report

Thisvolumeis part of a series of reports describing the results of the Phase 2 investigation
of the Hudson River sediment polychlorinated biphenyls (PCB) contamination. This report, entitled
Phase 2 Volume 2C-A, The Low Resolution Coring Report - Addendum to the Data Evaluation and
| nterpretation Report, discusses the results from the Low Resolution Sediment coring Program and
their interpretation. Thisinvestigation is being conducted under the direction of the United States
Environmental Protection Agency (USEPA) as part of a three-phase Remedia Investigation and
Feasibility Study (RI/FS) intended to reassessthe 1984 No Action decision of the USEPA concerning
sediments contaminated with PCBs in the Upper Hudson River. For purposes of the Reassessment,
the area of the Upper Hudson River considered for remediation is defined as the river bed between
the Fenimore Bridge at Hudson Falls (just south of Glens Falls) and the Federal Dam at Troy. Plate

1-1 presents a map of the general site location and the Hudson River drainage basin.

In December 1990, USEPA issued a Scope of Work for reassessing the No Action decision

for the Hudson River PCB site. The scope of work identified three phases:

. Phase 1 - Interim Characterization and Evaluation
. Phase 2 - Further Site Characterization and Analysis
. Phase 3 - Feasihility Study

The Phase 1 Report (TAMSGradient, 1991) isVolume 1 of the Reassessment documentation and was
issued by the USEPA in August 1991. It contains acompendium of background material, discussion

of findings and preliminary assessment of risks.

The Final Phase 2 Work Plan and Sampling Plan (TAMS/Gradient, 1992a) detailed the
following main data-collection tasks to be completed during Phase 2:
. High and low resolution sediment coring;

. Geophysical surveying and confirmatory sampling;



. Water column sampling (including transects and flow-averaged composites);
and

. Ecological field program.

The Database for the Hudson River PCBs Reassessment RI/FS, which is described in the
Database Report (Volume 2A in the Phase 2 series of reports; TAM S/Gradient, 1995) provides the
validated data for the Low Resolution Sediment Coring Report. USEPA issued Release 3.0 of the
database on CD-ROM in March 1996. Subsequently, there have been severa updates to the database.
The Low Resolution Sediment Coring Report utilizes Release 3.5, which was updated in June 1997.
Subsequent revisions of the Hudson River database, 3.6, 3.7, and 4.0, contain the same low resolution
coring data as found in Release 3.5, with one exception. Releases 3.7 and 4.0 contain an additional
parameter, sediment principal fraction, which was generated from the sieve and laser grain-size data
as part of the preparation of this report. Release 4.0 of the Database for the Hudson River PCBs
Reassessment RI/FS will be available in July 1998.

Thisreport is Volume 2C-A in the series of Reassessment documents presenting results and
findings of the Phase 2 characterization and analysis activities. It contains the results and findings of
the 1994 low resolution coring program and provides a comparison to the 1976 to 1978 and 1984
New Y ork State Department of Environmental Conservation (NY SDEC) sediment data.

1.2 Report Format and Organization

The information gathered and the findings of this phase are presented here in aformat that is
focused on answering questions critical to the Reassessment, rather than reporting results strictly
according to Work Plan tasks. In particular, results are presented in away that facilitates input to
other aspects of the project. Chapter 2 describes the technical approach for the Low Resolution
Coring Program, field sampling procedures, and sample analyses. Chapter 3 interprets the results of
the program and presents evidence to show how the low resolution coring results build on previously
collected Phase 2 data. The three subchapters of Chapter 3 cover: 1) a comparison of the low
resolution coring program with high resolution core PCB results; 2) examination of correlations
among the various low resolution core analyses; and 3) interpretation of low resolution core results
along with the side-scan sonar data. Chapter 4 examines PCB inventories in the areas of study.



Sediment inventories estimated from the low resolution cores are compared with historical studies
of the sediments conducted by NY SDEC in 1976 to 1978 and 1984.

Thisreport is organized in two books. The first contains the document text and appendices.
The second contains the figures, plates, and tables referenced throughout the main body of the report.

Appendix tables are found at the end of each appendix section.

1.3 Project Background

1.3.1 SiteDescription

The Hudson River PCBs Superfund site encompasses the Hudson River from Hudson Falls
(River Mile [RM] 198) to the Battery in New Y ork Harbor (RM 0), ariver distance of nearly 200
miles. Because of their different physical and hydrologic regimes, approximately 40 miles of the
Upper Hudson River, from Hudson Fallsto Federd Dam (RM 153.9), is distinguished from the Lower
Hudson, from Federal Dam to the Battery.

1.3.2 SiteHistory

Over a30-year period ending in 1977, two GE facilities, one in Fort Edward and the other in
Hudson Falls, NY, used PCBs in the manufacture of electrical capacitors. Various sources have
estimated that between 209,000 and 1,300,000 pounds (95,000 to 590,000 kilograms [kg]) of PCBs
were discharged between 1957 and 1975 from these two GE facilities (Sofaer, 1976; Limburg, 1984;
Sanders, 1989). Discharges resulted from washing PCB-containing capacitors and PCB spills.
Untreated washings are believed to have been discharged directly into the Hudson from about 1951
through 1973 (Brown et al., 1984). No records exist on which to base estimates of discharges from
the beginning of PCB capacitor manufacturing operationsin 1946 to 1956; however, discharges during
this period are believed to be less than in subsequent years. Discharges after 1956 have been
estimated at about 30 pounds (14 kg) per day or about 11,000 pounds (5,000 kg) per year (Bopp,
1979, citing 1976 litigation; Limburg, 1986, citing Sofaer, 1976). In 1977, manufacture and sale of
PCBs within the U.S. was stopped under provisions of the Toxic Substances and Control Act
(TSCA). PCB use ceased at the GE facilitiesin 1975 and only minor discharges (about 0.5 kg/day



or less[Brown et al., 1984; Bopp, 1979]) are believed to have occurred during facility shutdown and
cleanup operationsthrough mid-1977, when active discharges ceased. GE had been granted aNational
Pollutant Discharge Elimination System (NPDES) permit allowing up to 30 |bs/day to be discharged
during this period (Sanders, 1989). According to scientists at GE, at least 80 percent of the total
PCBs discharged are believed to have been Aroclor 1242, with lesser amounts of Aroclors 1254,
1221, and 1016. However, the Aroclors that were discharged varied over time, with Aroclor 1254
being 75 percent or more of the total until about 1955; Aroclor 1242 being at least 95 percent of the
discharges from about 1955 through 1971; and Aroclor 1016 being close to 100 percent of the
discharge from 1971 through 1977 (Brown et al., 1984).

A significant portion of the PCBs discharged to the river adhered to suspended particul ates
and subsequently accumulated downstream as sediment asthey settled in the impounded pool behind
the former Fort Edward Dam (RM 194.8), as well as in other impoundments farther downstream.
Because of the proximity to the GE discharges, sediments behind the Fort Edward Dam were probably
among the most contaminated to be found in the Hudson, although this was not well known in the
1970s. Because of its deteriorating condition, the dam was removed in 1973. During subsequent
spring floods, the highly contaminated sediments trapped behind the dam were scoured and transported
downstream. A substantial portion of these sedimentswere stored in relatively quiescent areas of the
river. Theseareas, which were surveyed by NY SDEC in 1976 to 1978 and 1984 have been described
as PCB hot spots. Exposed sediments from the former pool remaining behind the dam site, called the
"remnant deposits," have been the subject of several remedial efforts.

PCB releases from the GE Hudson Falls site near the Bakers Falls Dam through migration of
PCB ail through bedrock has also occurred, although the extent and magnitude of this release are not
well known. Thisrelease through bedrock continued until at least 1996, when remedia activities by
GE brought the leakage under control. Despite some evidence for its existence prior to 1991 based
on United States Geological Survey (USGS) data, this |eakage was not identified until the partial
failure of an abandoned mill structure near GE's Hudson Falls plant sitein 1991. Thisfailure caused
alarge release of what were probably PCB-bearing oils and sediments that had accumulated within
the structure. Thisfailure also served to augment PCB migration from the bedrock beneath the plant
to the river until remedial measures by GE over the period 1993 to 1997 greatly reduced the release
rate. A more in-depth discussion of PCB sources is contained in the Data Evaluation and
Interpretation Report (DEIR; TAMS et al., 1997).
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1.4  Background for the Low Resolution Sediment Coring Program

Two previous large-scal e sediment investigations were conducted by NY SDEC; onein 1976
to 1978 (reported in Tofflemire and Quinn, 1979), and onein 1984 (reported by Brown et al., 1988).
The 1976 to 1978 sampling covered the area from Fort Edward to Troy (RM 194.8 to RM 154);
whereasthe 1984 sampling wasrestricted to the Thompson Island (T1) Pool (RM 194.6to RM 188.5).
Onthe basis of data gained from these investigations, approximately 40 zones of high contamination,
designated as hot spots, were identified. These data have been used to estimate total PCB inventory
in Hudson River sediments (Tofflemire and Quinn, 1979; Brown et al., 1988). As part of this
investigation, the 1976 to 1978 and 1984 data have been subjected to more sophi sticated mathematical
evaluation (including akriging analysis of the 1984 data) to devel op detailed maps of contamination
(TAMSet al., 1997).

These surveys served to describe Upper Hudson sediment conditions at the time of their
completion. An issue of great significance to the Hudson River PCBs Reassessment is the
applicability of previous surveysto current conditions. To some degree, thisissue was addressed by
the geophysical surveying of the Upper Hudson as part of the Phase 2 investigation. This survey
covered 31 of the 36 hot spots previously defined by NYSDEC. Although 40 hot spots were
originally defined, four hot spots near Rogers Island were removed by dredging prior to 1980. As
discussed in the DEIR (TAMS et al., 1997), the geophysical survey documented the continued
presence of fine-grained sediments in many of the areas previously defined as hot spots. This
indicates that much of the PCB-contaminated sediment deposited from 1955 to 1978 is probably till
in place. Nonetheless, amore direct assessment of the current PCB inventory still contained within
the sediments was desired to confirm this finding.

The DEIR (TAMS et al., 1997) discussed the results of several of the earlier Phase 2
investigations, including the high resolution coring program. The high resolution coring involved
dicing each core into sections at two to four centimeter intervalsto provide a detailed (i.e., highly
resolved) history of PCB deposition at the coring location. In contrast, the low resolution cores were
diced into threerelatively thick sections at approximately 22 cm (9 in) intervals. These thickly diced

cores do not provide sufficient resolution to examine the depositional history at the coring site, hence



theterm low resolution, but they do provide an excellent basis on which to estimate the sediment PCB

inventory.

15 Low Resolution Sediment Coring Program Objectives

The Low Resolution Sediment Coring Program had two main objectives:

1) Obtain new estimates of sediment PCB inventories at anumber of locationsinthe Tl
Pool to compare against the existing PCB sediment database constructed from the 1984
NY SDEC survey; and

2) Refine the PCB mass estimates for a limited number of historic hot spot locations
defined by the 1976 to 1978 NY SDEC survey in the Upper Hudson below the TI Dam.

The implementation of the sampling program was based upon a review of the historic sediment
recordsfrom NY SDEC, GE, and others, in conjunction with the results from the geophysical survey.
The low resolution coring effort in the T1 Pool was intended to establish the extent to which the
sediment inventory calculated fromthe 1984 NY SDEC data(TAMSet al., 1997) accurately reflected
current conditions. The low resolution coring in the lower reaches of the Upper Hudson River
(below the TI Dam) provided information to refine the accuracy of previous hot spot sediment PCB
inventory estimates which were based on arelatively small number of samples (from 1976 to 1978),
aswell as providing a measure of the contribution of areas below the Tl Pool to the Upper Hudson
River sediment PCB inventory. It should be noted that the 1988 NY SDEC report indicated that "no
magor changein the distribution of PCBs in the bed of the Tl Pool between 1977 and 1984 is evident”
(Brown et al., 1988), even though the PCB inventory reported by Brown et al. (1988) was less than
half of the PCB mass estimated by Tofflemire and Quinn (1979). Brown et al. (1988) concluded
"that most of the difference between 1977 and 1984 PCB mass estimates was due to differencesin
calculation methods and assumptions' after taking into account USGS estimates of PCB transport
from Fort Edward to Schuylerville from 1978 to 1984 (Brown et al., 1988).

Low resolution coring was performed to examine PCB contamination in alimited number of
areas and to augment and improve estimates of the spatia distribution of PCBsinitially developed



for these areas. The low resolution coring program was not intended to provide the extensive spatial
coverage obtained as part of the earlier NY SDEC investigations. Rather, the program focused on
obtaining information to be used in conjunction with the other Phase 2 sampling programs aswell as

to augment and update the data obtained in the prior NY SDEC surveys.

In the subsequent chapters, the following conventions are used concerning the description of
sediments near the sediment/water interface and differentiate between the samples taken for the low
and high resolution coring programs. Shallow sediments refer to sediments within 12 inches (30
centimeters [cm]) of the sediment/water interface. The top segment of each low resolution core,
beginning at the sediment/water interface and extending down about 9 inches (22.5 cm), is considered
to represent shallow sediments. Surficial sediments refer to sediments within 2 inches (5 cm) of the
sediment/water interface. The top two slices of a high resolution core are considered to represent
surficial sedimentsby thisdefinition. Surficial sediment sampleswere a so obtained for radionuclide
analysis exclusively as part of the low resolution coring program. In order to obtain and refine the
estimates of the entire sediment PCB inventory at each sampling location as described earlier in the

objectives, low resolution core collection included both shallow and deeper sediments for analysis.



2. SAMPLING DESIGN AND METHODS

2.1 Technical Approach for the Low Resolution Sediment Coring Program

As discussed in Section 1.5, the Low Resolution Sediment Coring Program was designed
with two basic investigation objectives. First, the program was to assess the current status of the
sediment PCB inventory of the Thompson Island (T1) Pool relative to the NYSDEC survey
completed in 1984. The second objective was to assess, to a limited degree, the sediment PCB
inventory of several previously defined hot spots in the Upper Hudson below the TI Dam. Each
of these objectives was focused on limited study areas so as not to repeat the earlier, more
extensive surveys. In both cases, the intent was to provide a basis on which to assess the current
applicability of the historical surveys.

The Tl Pool was sampled intensively in 1984, with over 1,200 samples collected on a
triangular grid with 125-foot centers. The spatial coverage of that effort was adequate for the
purpose of estimating PCB sediment mass inventory, as discussed in Brown et al., 1988 and TAMS
et al., 1997. Rather than resurvey the entire TI Pool, the 1994 low resolution coring effort focused
on replicating a representative subset of the 1984 locations. The intent was to assess the
comparability of the current PCB inventories at these locations relative to the 1984 conditions.
Based on these comparisons, an assessment of the current applicability of the entire 1984 data set
could be made. The locations sampled in the T Pool as part of the low resolution coring program
were grouped into 15 relatively small zones or clusters. Within these clusters, samples were
collected as near as possible to the same locations sampled by NYSDEC in 1984. Each zone
generally consisted of about four or five sampling points, corresponding to the original NY SDEC
locations. The new results were then used to compare the current sediment PCB concentrations
in the T1 Pool with the previously determined ones. The analysis and comparison of these results
are presented in the subsequent chapters of this report. In addition to the 15 clusters, four
additional clusters were located in near-shore areas of fine-grained sediment where the original
1984 NYSDEC coverage was poor. These samples were intended to characterize near-shore

sediment contamination. These near-shore locations represent potential human exposure routes
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for direct sediment contact as well as a potentially important but an undocumented reservoir of
PCBs.

The locations for re-sampling under this program were selected based on a review of the
1984 data. In order to assess the changes in sediment PCB inventory and avoid uncertainty due to
variability stemming from causes other than PCB inventory changes, the sampling locations were
grouped into selected zones with minimal local sediment heterogeneity. Sediment heterogeneity

was evaluated based on the following information:

. 1984 PCB data, showing PCB inventories within each zone to be similar;

. Side-scan sonar data, establishing the presence of similar material within each
zone; and
. Field logs or other observations made during the 1984 sampling and, where

available, 1992 confirmatory coring data to verify similar sedimentological
properties.

In general each sampling zone (cluster) consisted of three to six locations with similar sediment
properties and PCB concentrations (expressed as mass per unit area, e.g., ¢/m?) which typically
varied by afactor of two or less, and no more than afactor of three. One "null set,” that isazone
in which PCBs were previously reported as not detected, was also included in the low resolution
coring program. A total of 19 clusters and 76 cores were collected from the T1 Pool during the

Low Resolution Sampling Program.

Below the TI Dam, the 1976 to 1978 NY SDEC sampling program identified 20 hot spots,
numbered 21 to 40 (Tofflemire and Quinn, 1979). However, the spatial coverage of the 1976 to
1978 NY SDEC sampling was not as intensive as the 1984 survey so the areas of these hot spots,
and the resulting PCB inventory estimates, were based on a relatively small number of samples.
As part of the low resolution coring program, seven of these hot spots were re-sampled to
determine the current PCB inventory. These data were designed to assess how well estimates
based on the limited 1976 to 1978 data reflect the current extent and magnitude of PCB
contamination. The hot spots selected for the low resolution coring program are those in which
previous estimates have indicated the highest PCB inventories and which physically span a
substantive length of the river. Based on the NY SDEC estimates, these hot spots represented about
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74 percent of the total mass of PCBsin hot spots below the TI Dam. The spatial intensity of the
low resolution coring effort in these areas (below the TI Pool) was adjusted so that the entire area
previously identified as the zone of contamination was covered by seven to ten low resolution
cores. In addition, four near-shore or exploratory locations were selected in this region in areas not
covered by the 1976 to 1978 NY SDEC survey to examine sediment contamination in unstudied

zones of fine-grained sediments.

The sample collection procedure used for the low resolution coring program was similar
to that used for the high resolution coring program although there are important differences which
are discussed later. The term low resolution coring arises from the subdivision of the cores. In
genera, low resolution cores were separated into 9-inch (22.5-cm) layers, as opposed to the 0.8 to
1.5-inch (2 to 4-cm) thick layers used in the high resolution coring program. However, since a goal
of the low resolution coring program was to verify total PCB inventories, the thickness of the low
resolution core dice was modified as hecessary so that al of the apparently contaminated material
isincluded in the samples submitted for PCB analysis from each core. "Apparently contaminated
material" was determined by the field geologist, based on the depth to which wood chips or
cellulose-type material were present in the core. In addition, core intervals were chosen to
coincide with visible sediment horizons, such as a sand/silt boundary or a change in sediment
color. Where applicable, the low resolution core length and sampling interval were made to
correspond to the same lengths as the origina NY SDEC sample at that station when no other
sedimentological criteria could be used. The low resolution cores ranged in length from 6 to 54-
inches (15 to 137-cm) of sediment. Cores were advanced through the sediment until the coring

apparatus could not penetrate any further.

One to three core dlices were obtained from each core for PCB analysis, typicaly
representing atotal of about 18 to 20-inches (45 to 50-cm) of sediment. Below the deepest layer
analyzed for PCB contamination in each core, an additional 3-inch (7.5-cm) slice was collected for
radionuclide analysis only. The results from this layer were used to verify that the core thickness

was sufficient to recover al contaminated sediment deposition based on the discussion below.

One of the areas of uncertainty between the assumptions used for PCB mass estimates made
by Tofflemire and Quinn (1979) and Malcolm Pirnie, Inc. (MPI, 1992) is the depth to which PCB

contamination extends. In cores collected from throughout the Hudson, PCBs are first detectable
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in strata deposited in the late 1940s to early 1950s, with concentrations increasing from the mid-
1950s to a peak in the early 1970s (Bopp and Simpson, 1989; TAMS et al., 1997). However, the
contribution of PCBs from deposition prior to 1955 is relatively insignificant, as confirmed by the
1992 high resolution core data. Cesium-137 (**¥'Cs) has a similar release history, with the
radionuclide first appearing in 1954 with the onset of atmospheric nuclear weapons testing, from
which ®¥'Csis derived. Given the coincidence of the PCB and **’Cs histories in the 1950s, **’Cs was
analyzed in the deepest layer from each core. Absence of **'Csin thislayer indicated that the core
had been advanced to pre-1954 sediments and to a sufficient depth to account for all substantive
PCB deposition.

2.2 Field Sampling

The low resolution sediment coring program was designed to further characterize and
analyze site conditions at the Hudson River PCBs Superfund site. The low resolution sampling
program took place from July 13, 1994 to August 12, 1994. The Phase 2B Sampling and Analysis
Plan/Quality Assurance Project Plan Volume 4 (TAMS/Gradient, 1994) detailed the sample

collection and analytical procedures, which are summarized below.

In addition to the interpretation of the low resolution sediment coring samples, this report
also discusses the side-scan sonar results obtained in the earlier portion of the Phase 2
investigation. A detailed discussion of the side-scan sonar program can be found in the DEIR
(TAMS et al., 1997) while a brief description is provided here. Side-scan sonar data covering the
Upper Hudson from above Bakers Falls to Lock 5 were collected in 1991 and 1992. Essentially,
acoustic signals (digitally recorded sound) were used to create false-color grey-scale images of the
river bottom. These images were then combined to form mosaic maps of the river bottom wherein
brighter areas on the images corresponded to coarser-grained sediments and darker areas
corresponded to finer-grained sediments. The sediment classifications as defined by the side-scan
sonar images were compared to low resolution coring grain size data. These data area discussed
in Section 3.3 of this report. The comparison of the side-scan sonar results to previous sediment
collection efforts (confirmatory sampling) is described in the DEIR (TAMS et al., 1997).
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221 SampleLocations

Low resolution sediment coring was conducted in the Upper Hudson River between Rogers
Island at Fort Edward (RM 194) and Lock #2 (RM 163.5). The low resolution coring sample
locations (zones) in the Tl Pool are shown in Plate 2-1 and summarized on Table 2-1. The
locations were selected to represent arange of sediment types and sediment PCB inventories, with
emphasis placed on areas of greatest PCB contamination. Fifteen small zones or clusters were
selected within the TI Pool for atotal of 60 low resolution core sites. In addition, four near-shore
locations within the TI Pool were sampled during the low resolution coring program. Downstream
from the TI Dam, seven previoudly identified hot spots in the Upper Hudson were sampled. The
locations of the NY SDEC hot spots in the project area along with the associated low resolution
coring locations are listed on Table 2-1 and shown on Plate 2-1. The number of cores taken in each
of the hot spots was roughly proportional to its mass and spatial extent. To establish limits on the
gpatial extent of contamination at some of the larger hot spots, afew samples were placed beyond
the original boundary defined by NY SDEC to examine the accuracy of the boundary. In addition
to the cores associated with the hot spots, thirteen low resolution cores, roughly equivalent to the
sampling intensity of one large hot spot (approximately 30 samples), were used as near
shore/exploratory samplesin four areas in which previous sampling was minimal or non-existent,
and where bathymetric and/or sedimentological data suggested potential contamination.

Sample locations were surveyed at the time of collection using shoreline control points
established prior to core collection. Estimated accuracy of al coring locationsis + 3-feet. Within
the Tl Pool, field personnel attempted to re-occupy the NYSDEC locations. The original
specification in the sampling plan stated agoal of + 20-feet about the NY SDEC location. Infact,
the field team was much more successful, achieving a median distance of 3-feet between the 1984
and 1994 |ocations and only one 1994 |ocation differed by 20-feet from the targeted 1984 |ocation.
Figure 2-1 shows the distribution of the distances between the 1994 locations and their targeted
1984 sites. Because of the success of the coring location control, 1984 to 1994 changes in total

PCB inventory due to sample location differences were kept to a minimum.
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2.2.2 Sample Preparation

The low resolution coring sampling plan (TAM S Gradient, 1994) detailed a coring program
to collect 39-inches (97.5-cm) of sediment at each coring location, conditions permitting. A core
length of thirty-nine inches was selected based on the earlier NY SDEC studies which found PCB
contamination principally in the top 24 inches of sediment. Twelve inches more were added to the
goa to generously allow for additional deposition since the earlier surveys. Lastly, three inches
more were added for aradionuclide sample to be collected below the main core segments. Since
the main objective was not to simply collect a 39 inch core but rather to obtain all recent
deposition, cores less than the prescribed goal were expected. Low resolution cores were obtained
by a “vibra-coring” technique where a 4-inch (10-cm) diameter clear plastic tube was advanced
through the sediment by applying pressure and vibration to the top of the tube. This served to
partialy liquefy the sediments along the walls of the tube and permit greater penetration of the
tube into the river sediments. A sediment catcher or shoe was attached to the bottom of the coring
tube to minimize the loss of sediment from the tube during retrieval. By comparison, the high
resolution cores were collected in 2.5-inch (6.3-cm) diameter plastic tubes by applying pressure
only. A check valve at the top of the core, rather than a shoe at the bottom, was used to prevent
sediment loss during retrieval of the high resolution cores. Once obtained from the river, low
resolution cores were then intended to be diced into three 12-inch (30-cm) sections and one 3-inch
(7.5-cm) section for subsequent analyses, when a full 39-inch core was obtained. Cores less than
39 inches were acceptable subject to field review by the field geologist. In essentially all cases,
the coring apparatus was advanced until the equipment could not push it further. The core was then
retrieved and the recovered material was examined by the field team. The average core length of
23 inches (57.5 cm) was substantialy less than the goal of 39 inches (97.5 cm) and many core
recoveries were less than 15 inches (37.5 cm). Generally, four segments were taken from cores 27
inches or more. Asaresult, the median segment thickness for the first three core layers was about
9inches (22.5 cm), while still leaving a bottom 3-inch layer. For cores less than 20 inches, the field
geologist evaluated the stratigraphy of the core and decided where to dice the core based on factors
such as changes in color or grain size. Nonetheless, as will be discussed later, the evidence

suggests that most cores were advanced through all potentially PCB-contaminated sediment.

Of the 170 cores collected for the program, 73 cores were sufficiently long so as to yield

four segments per core. Fifty-five cores yielded three segments per core while 41 cores yielded
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only two segments per core. One core (LR-02C) yielded only one segment. Besides two to four
main core segments, in each instance the top portion of the top segment (O to 1-inch) was used for
‘Be and ¥*'Cs radionuclide analyses and the bottom segment was used exclusively for *Cs
radionuclide analysis. The overlying one to three main segments were analyzed for PCB and other
analytes as discussed below. Core LR-02C was not analyzed for radionuclides. Table 2-2 provides
a summary of the cores collected in terms of layer thickness and depth, the number of each core
type collected (e.g., number of two-layer cores), and the overall core lengths for each core type.
Figure 2-2 is a summary diagram of the core segment thickness and depth. Figure 2-3 provides an

illustration of how the cores were subdivided for analysis.

The actual dlicing intervals for each low resolution core were selected by the field team
based on visible sediment stratigraphy and analytical sample requirements as well as the prior
NY SDEC core dicing intervals when applicable. Once the slicing intervals were selected, the core
was extruded into pre-weighed stainless steel bowls for bulk density determination and
homogenization. After homogenization, the sample was sub-sampled for various analytes as
discussed below. During processing, samples were also field classified as clay, silt, fine-to-coarse
sand, and gravel. The presence of minor quantities of other soil types, as well as organic materials

and soil color, were also noted by the field geologist.

Sample nomenclature was similar to the high resolution coring program with one important
difference. Core intervals were incorporated as inches and not centimeters, as was done
previously. Thiswas done to avoid lengthening the standard Phase 2 eleven-character identification
(ID) string to account for samples greater than 40-inches (100-cm) in depth. The information
encoded within the low resolution sample ID is as follows:

AA-00A-0000-A

where“A” represents aletter and “0” represents a number.

For the low resolution coring effort, the first letter was assigned an “L”. The second letter
was assigned an “R” for samples collected from clusters within the Tl Pool. For samples collected
downstream of the Tl Dam, the second letter was assigned an “H”. The next three characters
represent the core location. Thefirst two digits were assigned the number of the investigation zone
in which the core was collected. The Thompson Island Pool locations were assigned numbersin

the range of 01 to 19 corresponding to the cluster number. The Hudson River sample locations
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below the Tl Dam were assigned values corresponding to the two-digit hot spot number (i.e., 25,
28, 31, 34, 35, 37, or 39). The apha character which isthe third character of this triad designates
one of the three to 15 cores obtained from the cluster or hot spot area. Thus, “A” would represent
thefirst core from the area, “B” the second, and so on. Thelast four digits of the ID represent the
depth interval of the core segment in inches, with the first two digits corresponding to the top of
the core segment and the last two digits corresponding to the bottom of the core segment. Aswas
the case for previous efforts, the final letter is reserved for QC sample designations where
applicable - D (Duplicate), and M (Matrix Spike or Matrix Spike Duplicate).

As an example, the sample designated LH-28K-0918 would be the low resolution core
sample (LH) from Hot Spot 28. The “K” indicates the eleventh core in that Hot Spot, and 0918
indicates that the segment (section) was from the 9 to 18-inch (23 to 45-cm) depth interval.

2.3 Sample Analyses

Analytical parameters for the low resolution coring included:

. PCB congeners by capillary column gas chromatograph/electron capture detector
(GC/ECD; with alimited number of confirmation analyses by GC/ion trap detector
[ITD);

. Radionuclide analysis;

. Total Organic Carbon;

. Total Kjeldahl Nitrogen;

. Grain-size distribution by sieve and laser particle analyzer (Laser);

. Grain-size distribution by sieve and hydrometer analysis (American Society for
Testing and Materias [ASTM]);

. Percent solids; and

. Bulk density.
The analytical method for PCB congeners is provided in Appendix A. Non-PCB chemical and
physical properties analytical methods are discussed in Appendix B.
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As mentioned briefly in the previous sections, not all samples were analyzed for all
parameters. This choice was based on the analysis type and intended use of the data. The typical
sample set generated for each core was as follows:

. Radionuclide (beryllium-7 [‘Be] and cesium-137 [**'Cs]) analysis of sediment from
aportion (half) of the 0 to 1-inch (0 to 2.5-cm) interval;

. PCB congeners from up to three layers of sediment, each about 9-inches thick;

. Laser grain-size distribution analysis of sediment from 0 to 9-inches,

. Bulk density for all sediment layers,

. Percent solids for all sediment layers greater than 1-inch; and

. Radionuclide (**'Cs only) analysis of sediment from a 3-inch layer immediately
below the deepest layer analyzed for PCBs.

Roughly two-thirds of the cores had one to three additional grain-size distribution analysis by a
standard ASTM sieve and hydrometer technique performed on one of the core intervals analyzed
for PCBs. A subset of these samples was obtained from the top core slice permitting a direct
comparison between the laser and ASTM techniques, discussed later in thisreport. A small subset
of the core samples, roughly one in twenty, was analyzed for total organic carbon and total kjeldahl
nitrogen. Figure 2-3 provides an illustration of how the cores were subdivided for analysis and
Table 2-3 provides a tally of the number of analyses conducted for each analyte, excluding
duplicates. Asshown in Figure 2-3, only one half of the top 1-inch slice was used for radionuclide
analysis. The other half of the slice was added to one half of the core portion from 1 to 9- inches
and homogenized prior to subsampling for PCBs and other analytes.

Two additiona analyses were dated to be collected or performed during the low resolution
sediment coring program, including reduction/oxidation potential and total carbon/total nitrogen
content. The results for reduction/oxidation potential were al rejected during the data quality
review due to field calibration problems. Samples collected for total carbon/total nitrogen content
were inadvertently held beyond acceptable sample holding times while finalizing a laboratory
contract and were therefore never analyzed. The origina low resolution sampling plan
(TAMS/Gradient, 1994) also called for grain-size distribution analysis based on sieve and
hydrometer to be performed for all samples. However, prior to beginning the field operation, this

reguirement was reduced to 150 samples, including duplicates.
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Sample quality assurance followed the guidelines defined the Low Resolution Sediment
Coring Sampling and Anaysis/Quality Assurance Project Plan (TAMS/Gradient, 1994). Duplicate
analyses were performed on field-generated sample splits at the rate of 1 in 20 samples. Data
usability was reviewed for all analytes and is discussed in Appendix A. In general, data quality
objectives were met with the exception of the reduction/oxidation measurements as discussed

above.

2.3.1 PCB Congener Analysis

PCB congener analyses were performed on a rigorously homogenized core segment by a
wet sediment soxhlet extraction followed by analysis on a dua capillary column gas
chromatograph with election capture detectors (GC/ECD). Roughly 10 percent of the sample
analysis was confirmed via a second analytical technique, gas chromatography with an ion trap
detector (GC/ITD). This confirmation was limited to samples with high PCB concentrations due
to the higher (less sensitive) detection limits characteristic of thistechnique. These techniques are
the standard congener-specific techniques used throughout the Phase 2 investigation. Use of these
techniques guaranteed comparability of the low resolution coring results for PCBs with those
obtained in the earlier Phase 2 studies. Due to improvements in the techniques achieved during
the earlier Phase 2 studies, atotal of 145 congeners was reported for each low resolution core PCB
analysis, including 108 calibrated (target) congeners. However, to maintain comparability among
the Phase 2 program, only the origina 126 congeners including 90 targets are discussed and
presented here. In general, the additional 19 congeners did not contribute substantively to the
sediment PCB inventory, the main focus of this report. At the beginning of the Phase 2
investigation in 1992, standards only existed for 90 of the 209 PCB congeners. Retention times
were known for an additional 36 congeners, bringing the total number of identifiable congeners
to 126 at the initiation of the Phase 2 program. Subsequent to the start of the program, many more
individual congener standards have been made available, thus enabling the increase to 145
identified congeners in the low resolution sediment core samples. As discussed in the DEIR
(TAMS et al., 1997), use of the original 126 congeners including the 90 calibrated congeners
captures more than 90 percent of the original Aroclor 1242 and a higher percentage of the other
Aroclors. Results for al 145 congeners analyzed in the low resolution cores are reported in the
Phase 2 database (Release 3.5, June, 1997).
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The congener-specific GC/ECD analysis performed for the low resolution coring does not
rely on arbitrarily assigning Aroclor identification, but enables a total PCB concentration to be
calculated, regardless of peak or congener composition. Thisis especially significant for congener
mixtures which may have been subject to dechlorination, and no longer resembles the original
Aroclor mixture. Since the magjor goal of thisinvestigation was to examine the PCB inventory in
avariety of sediments, this ability to calculate total PCB concentration is particularly important.
However, in order to compare the congener-specific datato previously reported data, Aroclor data
were calculated by summing the concentrations of the congeners present in each Aroclor mixture
based on Aroclor standards analyzed via the Phase 2 congener-specific technique. In this manner
the Phase 2 low resolution coring results can be compared with earlier studies which were based
on Aroclor quantitation techniques.

2.3.2 Radionuclide Analysis

The radionuclide analytical procedure was restricted to the isotopes cesium-137 (*’Cs) and
beryllium-7 (‘Be). "Be data were obtained and used to date the top of the core, and the *¥'Cs data
were used to verify that the core has penetrated all recent (i.e., post-1954) sediments. Analysis of
radionuclides in sediment cores provided a means of establishing the sediment core chronology.
Studies of sediment cores in the Hudson have demonstrated the occurrence of well-documented
radionuclide events which can be used to establish sediment accumulation rates at various
locations throughout the Hudson. By determining the activities of **’Cs and ‘Be, it is possible to
verify that the core collected includes the depositional period from the time of core collection back
to 1954.

BiCsisapersistent (half-life of 30 years) anthropogenic radionuclide that has two distinct
events associated with it. The first event corresponds to the onset of atmospheric atomic weapon
tests in 1954, which is indicated in the sediments by the first appearance of *'Cs. Background
levels prior to 1954 are essentially zero for this radionuclide. Therefore, **’Cs analysis of the
bottom core segment verified for most cores that they extended at least as far back as 1954. A non-
zero result for *'Cs indicated that the core collected did not include sediment deposition prior to
1954. Previous data have indicated that PCB deposition in the Hudson River prior to 1954 is not
significant in comparison to PCB discharges since then (TAMS et al., 1997).
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'‘Beisashort lived (half-life of 53.6 days), naturally-occurring isotope whose presence in
the sediments indicates recent deposition or interaction with surface waters within the six months
prior to sample collection. Approximately 90 percent of the ‘Be activity dissipates within 180 days.
Thus, thisradionuclide was used to initialy test acoretop (0 to 1-inch) for the presence of recently
deposited sediment. Absence of 'Be is attributed to a core collected in a non-depositional area or

an area experiencing scour (erosion) of river sediment.

2.3.3 Total Organic Carbon and Total Kjeldahl Nitrogen

Total organic carbon and total kjeldahl nitrogen analyses (TOC/TKN) were performed on
about seven percent of the samples analyzed for PCBs, representing about 15 percent of the coring
sites. These analyses were performed on individual core segments randomly selected from the
various cores. Specifically, one sediment segment was analyzed per core in 26 cores with nine
surface segments, seven second layer segments, and 10 third layer segments analyzed. TOC
analyses were accomplished by the USEPA Region Il method involving the direct combustion of
the sample. (TAMS/Gradient, 1994). TKN analyses were accomplished by a modified version of
USEPA method 351.2 (TAMS/Gradient, 1994). TOC and TKN analyses were performed on the
same subset of samples so as to permit the calculation of a molar carbon-to-nitrogen ratio. These
analyses were originaly intended solely to supplement the planned total carbon/total nitrogen
(TC/TN) analyses which were to be run on every core sample. This approach was the same as that
used for the high resolution cores. The TOC/TKN analyses were intended to confirm that the
TC/TN results closely matched the organic C/N results. However, due to exceedances of holding
time, none of the TC/TN analyses were run. As a result, only the randomly selected TOC/TKN
samples were available to characterize organic carbon and nitrogen levels in the low resolution

coring program study areas.
2.34 Physical Properties
Grain-Size Analysis
Grain-size analysis was performed on a large subset of the low resolution sediment core

dices (except the bottom segment which is analyzed for **’Cs only). In the top core segment only,

grain size distribution was determined by mathematically combining results from an ASTM sieve
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method and a laser-particle analyzer method (Phase 2B SAP/QAPP Appendix B-5). The smaller
particle (less than 2-mm) grain-size distribution was determined by the laser particle analyzer-
based methodology. Larger particle size fractions (greater than 1-mm) were determined by the
ASTM methods. There was an overlap between the methods in the 1 to 2 mm-range, thus
providing ameans of correlating and cross-checking data between the two methods. The principal
purpose for these samples was to further support the grain-size distribution and side-scan sonar
analysis presented in the previous Phase 2 report (TAMS et al., 1997). An additional set of
sediment sampleswas analyzed using ASTM Methods D421-85 and D422-63 including hydrometer

analysis. These sampleswill be used to characterize the sediments for engineering analyses.

Bulk Density

Review of the method for deriving bulk density used in the previous studies indicated that
the method was somewhat crude and may not be representative of in situ density. Although the
data review in general indicated that the average bulk density values from the NY SDEC studies
were reasonable, the data for some individual points were not (TAMS et al., 1997). Therefore, to
address concerns regarding the accuracy of previously-derived bulk sediment densities, new data

for this property was obtained during the low resolution coring program.

Bulk density was measured in the field by extruding a known volume from the core tube
into a pre-weighed stainless steel bow! and then re-weighing the bowl. Bulk density was calculated
simply as the ratio of the mass weighed to the known volume. The results were used to calculate
the total PCB inventory. Reported bulk density values were restricted to a range of 1 to 3 g/cc.

Values outside this range were rejected.

Per cent Solids

Percent solids were determined for all samples analyzed for PCBs as well as the bottom
dice analyzed for *¥'Cs. This method involved the simple weighing of a sample portion before and
after drying. Theoriginal results were reported as percent moisture. These values were converted
to percent solids by simply subtracting the percent moisture value from 100 percent. The percent
solids data were combined with the bulk density data to calculate the solids specific weight (the

weight of solids per unit volume of sediment) and the solids density (the mass of solids per unit
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volume of solids). Typically, the solids density should be in the range of 2 to 2.5 gm/cc. Sample
values for solid bulk densities outside the range of 1 to 3 gm/cc were excluded from further
anaysis. Thisexclusion incorporated the bulk density, percent solid values, solids specific weight
and the solids density. That is, unless the bulk density and percent solids yielded internally
consistent results, all four values (two measured, two calculated) were excluded from further

anaysis.

24 Summary of Analytical Results

This section presents a brief general description of the analytical results obtained for the
low resolution coring program. The interpretation of the results is presented in Chapters 3 and 4

of this report.

24.1 PCB Congener Analysis

PCBs were detected in every sample analyzed for PCBs. The range of total PCB
concentrations (<0.05 to 1,352 ppm) was dlightly less than the range obtained for the high
resolution cores (<0.05 to 2,500 ppm). Nonetheless, these values represent substantive PCB
inventories, especially when the segment thickness is considered. The low resolution sediment
values represent a 9-inch median thickness, as opposed to the 0.8 to 1.6-inch high resolution core
layers. Thus, the high values obtained in cores from the Upper Hudson do not appear very unusual,

given their occurrence in both the low resolution and high resolution programs.

A summary of the results from the coresis presented on an area basis and a depth basisin
Table 2-3. The arithmetic mean and median concentrations in the Tl Pool are comparable to the
areas downstream of the T1 Pool. Mean sediment concentrations obtained from the low resolution
core results should not be directly compared between the two regions because the 76 cores
analyzed in the Tl Pool and 94 cores taken downstream of the Tl Pool were intended to
characterize local conditionsin several areas and do not comprise a spatial coverage sufficient to
calculate PCB inventories for these areas directly. Histograms of the total PCB concentrationsin
all core segments and only in shallow (top) core segments are shown in Figure 2-4. The total PCB
concentrations are statistically skewed, with an approximately normal distribution when data are
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log normalized. Thelog-normal nature of the shallow segment data was confirmed by aW test for

normality, although the entire log-transformed data set (i.e., al core segments) did not pass the W

test for normality. The lack of normality is largely the result of the inclusion of very low PCB

concentrations, typically found in deep core segments. In many of the subsequent analyses, these
samples (total PCBs < 100 ng/kg) are excluded due to quantitation issues, thus making the
remaining data set more log-normal. The majority of statistical calculations dealing with PCB

concentrations included in this report are based on the log-transformed data.

The core results presented by depth show an important finding. PCB maxima are
principally found in the top-most core layer (61 percent or 104 out of 170 cores), representing
shallow sediments (median depth of 9-inches). These results indicate that burial of PCB-bearing
sediments is not occurring on an extensive basis and that high concentrations of PCBs remain
relatively close to the sediment/water interface. The assignment of the sediment PCB maximum

to agiven layer is based on severd criteriaincluding:

. Occurrence of the maximum PCB concentration for the corein that layer; and either
. Occurrence of adeeper layer with lower PCB levels; or
. Absence of *¥'Cs in the radionuclide layer at the bottom of the core when the

maximum PCB layer isimmediately above.

These criteria are based on the known PCB deposition history for the Upper Hudson as
recorded in sediment cores (Bopp and Simpson, 1989; TAMS, et al., 1997). In particular it
assumes there is only one PCB maximum and that **’Cs presence indicates PCB presence. Thus,
when a core has an assigned PCB maximum, it is inferred that the maximum concentration in the
sediments at that location has been captured by the core, and that the core represents the majority
of the PCB inventory. When *¥'Cs is not detected in the core bottom, the core is assumed to
represent the entire PCB inventory. On **’Cs alone, 119 cores are assumed to represent complete
inventories. By utilizing the criteria given above, an additional 15 cores can be added to this
category, bringing the percentage of complete (and nearly complete) coresto 134 or 79 percent of

the cores collected.

In a portion of the cores collected (36), these criteria were not met and the core PCB

maximum was unassigned. In these instances, the possibility that the PCB maximum
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concentration lies below the bottom of the core cannot be ruled out. Thus, these cores are listed
as having an unknown maximum. It should be noted that the majority of these unknown maximum
cores (22 of 36) represent short (<15 inches) 2-layer cores where additional sediment could not be
obtained. Given the inability to further advance the collection apparatus, it is unlikely that these
areas are underlain by large amounts of high PCB-bearing sediments, typically silts and fine sands
which are easily cored. Also, as noted above, the PCB maxima are generally found in the
shallowest sediments. Thus, even though these cores are incomplete, it is unlikely that the PCB

inventories are much greater than calculated.

For the multiple layer cores with unknown PCB maxima, the depth of penetration is similar
to many of the complete cores. The results from the complete multiple layer cores indicate that
the mgjority of PCB contamination resides in the two uppermost layers (top 9 to 18-inches). This
would suggest that the incomplete multiple layer cores are likely to capture the majority of the
sediment PCB inventory since they typically extend below 18 inches. However, thisis much less
certain than for the incomplete 2 layer cores. In particular, these incomplete multiple layer cores
were more commonly found below the TI Dam and have important implications for the sediment
mass estimates from this area. Further interpretation of these cores is presented in Chapter 4 during

the discussion of the hot spots below the TI Dam.

The fact that the PCB maxima are found largely in the shallow sediments provides useful
information for the cores labeled incomplete, as noted above. Thisimplies that for most of these
cores, the material retrieved probably represents the majority of the PCB inventory at the coring
site. PCB estimates derived from these incomplete cores probably underestimate the actual
sediment inventory in the affected cores by less than 50 percent. Discussions of sediment-PCB
inventories and their comparison to earlier surveys are presented in subsequent chapters of this

report.

Thetotal PCB values discussed above were based on congener-specific analysis, just as all
Phase 2 results have been. Although the 145 congeners were reported for the low resolution core
samples, the total PCB results as well as the congener-specific discussions to follow are based on
the original 126 congeners to maintain consistency in the Phase 2 discussion. Exclusion of the 19
additional congeners has little effect on estimates of sediment PCB mass since these congeners

represent lessthan 1.5 percent of the total PCB concentration, on average. In al but five of the 371

2-16 TAMS



PCB analyses, these 19 congeners represented |ess than six percent of total PCB mass. For the five
samples where these 19 congeners were greater than six percent, the total PCB concentration was
less than 32 ng/kg (0.032 ppm). Thus, these congeners do not represent substantive PCB mass and
areignored in subsequent discussionsin thisreport. Some of these congeners may be used in PCB

pattern comparisons as part of the ecological assessment.
Sample splits were generated in the field and run as blind duplicates by the laboratory. A

total of 23 split pairs was generated. The fields were compared using arelative percent difference
(RPD) calculated as follows:

D= & * 100%

|R+R)/2
where:
R, = result for original sample
R, = result for duplicate sample

An RPD of zero is ideal, meaning the paired measurements are identical. An RPD of 50
percent represents a difference of 40 percent between the smaller and larger measurement based
on the larger measurement. For example, a pair of measurements of 6 and 10 would have an RPD
of 50 percent. Figure 2-4 shows the level of precision attained for field replicates. The average
RPD was 36 percent, and the median RPD was 27 percent. These results suggest that, on average,
measured results would be expected to fall within £36 percent of the true PCB concentration for

the sample.

Field duplicate sample pairs were also examined for the reproducibility of the congener
patterns by performing a ssmple regression on the normalized congener values. Congeners were
normalized to BZ #52, as was done in previous Phase 2 work. An ideal match between the sample
pairs would yield aregression slope of unity (1) and aregression coefficient (R?) of unity. Figure
2-5 shows these example regressions run on field split pairs. The close agreement between the
field split congener ratios is evident by the low level of scatter in each diagram. Figure 2-6
provides a histogram of the regression dopesfor the field pairs. The zero intercepts for al of these

regression pairs fell within afew percent of zero (Figure 2-5), largely dictated by the large number
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of non-detect results. Thus the slope of these regressions is the indicator of agreement. Note that
the slopes for two-thirds of the replicate pairs fall within 10 percent of unity, indicating close
agreement of the congener patterns. Also notable are the two outliers. The most distant of the two
outliers is the result of detection limit differences between the replicate pairs. One sample was
roughly four times more concentrated. Thisled to several congeners being detected in one sample
while not being detected (effectively zero) in the other, which yielded the poor slope. When the
non-detect/detect pairs were excluded, the remaining results yielded a slope close to unity. The
second outlier was characterized as having afew congeners whose ratios were very disparate while
the remaining congeners agreed well. This was typical of al of the poorer fits only to a lesser
degree, indicating that in general, most congener ratios were reproducible to within afew percent.
In general, agreement between congener patterns in replicate pairs was substantially better than
the ability to reproduce absolute mass. This suggests that sediment heterogeneity in concentration
aswell asthe ability to completely homogenize sediment samples will probably be the main source

of analytical uncertainty for PCB results.

2.4.2 Radionuclide Analysis

The sampling program was roughly split in half between the T1 Pool and the areas below
the TI Dam. Seventy-six cores were collected from the Tl Pool and 94 from the area below the Tl
Dam, yielding 170 cores in al. Each of these cores were analyzed for radionuclides in the top-
most and bottom-most layers (Table 2-3). It isimportant to note here how radionuclides were used
in the interpretation of the low resolution coring data. Specifically, radionuclides were examined
primarily on an absence/presence basis. The radionuclide **’Cs was first introduced to the Hudson
(and most watersheds in the Northern Hemisphere) in 1954 as atmospheric fallout with onset of
atmospheric weapons testing by the US. As a result of the retention of **’Cs in the soils of the
watershed and subsequent erosion of these soils, al post 1954 sediments in the Hudson have
readily measurable levels of »*’Cs. The introduction of PCBs into the Hudson potentially predates
137Cs by afew years since PCB manufacturing at the GE facilities began prior to the appearance
of ¥¥’Cs. However, as was shown in the analysis of the high resolution cores (TAMS et al., 1997),
little if any detectable levels of PCBs are present below the first appearance of **’Csin acore. This
is illustrated in the core profiles shown in Figure 2-7. On this basis it is evident that if *'Csiis
present in a Hudson River sample collected below Hudson Falls, the sample must contain PCBs.

Similarly, if **’Csis not detected in a sample, it islikely to contain little or no PCBs. When **'Cs
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was not detected in a core bottom, the core was considered to be “complete” (i.e., it represents all
recent [post-1954] deposition and all substantive PCB deposition). If *¥’Cs was present in the
bottom layer, the core did not capture the entire PCB inventory and was labeled “incomplete”. In
these instances, nearby cores may be applied to estimating what was missed. In any case, the
magnitude of the **’Cslevel in the sediment was principally interpreted internally to the core since
the concentration could be affected by severa factors including the fine-grain content of the core,
the mixing of **'Cs-bearing and non-bearing sediments within the segment, and the actual sediment

age which make core-to-core comparisons less certain.

Similarly, the ‘Be results were considered on an absence / presence basis. Presence of ‘Be
indicated very recent (six months or less) deposition at the coring site. Absence of 'Be indicated

anon-depositional site at aminimum, as well as the potential for sediment scour.

13¥'Cswas not detected in the bottom layer of the 120 of the 170 cores collected. These 120
cores, representing 70 percent of the coring effort, were considered complete. This indicates that
the PCB contamination contained in these 120 cores is representative of the entire current PCB
inventory at these sites; i.e., no substantive PCB contamination exists below the depth of core
penetration. In looking at the cores above and below the TI Dam, the success rate for complete
cores was greater above the Tl Dam than below it. Sixty-one cores from the Tl Pool (roughly 81
percent) included all recent deposition as demarcated by **’Cs. Conversely below the TI Dam, the
rate for successful core collection was only 60 percent, with *¥'Cs detected in 36 of 94 cores. The
137Cs and "Be results for one core in the Tl Pool were lost and so this core is excluded from the
above tallies.

The reason for the difference in success between the Tl Pool and areas downstream is
unknown, but is at least partialy due to differences in sampling approaches. Within the T1 Poal,
sites were preferentialy selected where previous NY SDEC coring work was successful. In
addition, sites were selected in relatively homogeneous areas based on both sediment and PCB
criteria. In the study areas below the TI Dam, sampling locations were selected to demarcate hot
gpots. This included placement of some cores in areas beyond hot spot boundaries where

recoveries were less certain.
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The length of the **’Cs-bearing cores was consistently |ess than those considered complete,
about 5 to 7-inches shorter based on the median core length. This suggests that the **'Cs-bearing
cores were collected in areas more difficult to penetrate, perhaps due to sediment type, or due to
underlying harder substrate, relative to the successful core sites. A comparison of complete and
incomplete cores above and below the TI Dam based on core lengths, layer thickness, and the
sediment types associated with each layer is provided in Table 2-4. Median overall core lengths
for complete cores are relatively comparable, but in both instances the incomplete cores are
distinctly shorter than the complete cores. It was originally thought that this distinction might
result from coarser sediment types for the incomplete cores, making core collection more difficult.
However, as can be seen in Table 2-4, the proportions of silt, fine-sand, and coarse-sand samples
in the complete and incomplete core sets are quite similar. This suggests that core sediment type
does not affect the ability to collect a complete core. From this conclusion, it may be inferred that
other causes, such as a change in the underlying substrate, may be responsible for the collection
of incomplete cores. Other potential causes include loss of the core bottom during retrieval. Itis
important to remember here, however, that the mgority of cores (70 percent) were complete.
Based on the PCB data discussed below, it islikely that an additional 15 cores may be considered

nearly complete, bringing the fraction of successful coresto 79 percent.

The "Be results for surface sediments for each core were used to establish the current
deposition condition at each site. Of the 169 cores analyzed for 'Be, 119 cores indicated the
presence of ‘Be and, therefore, recent deposition. However, this was not proof of a continuous
depositional site but only deposition within the last six months. This issue is discussed in
subsequent chapters of the report when 1984 and 1994 sediment inventories are compared. |t
should also be noted that 50 cores, or more than 30 percent of the core sites, had no ‘Be, indicating

that the site was currently non-depositional and potentially undergoing scour.

All coring sites contained **'Cs in the surface layer, indicating that some PCB-contaminated
sediment had accumulated between 1954 and 1994.

2.4.3 Total Organic Carbon and Total Kjeldahl Nitrogen

Total organic carbon and total kjeldahl nitrogen (TOC/TKN) anayses were originaly
intended to confirm the scheduled total carbon and total nitrogen (TC/TN) analyses, respectively.
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The latter two analyses measure all carbon and all nitrogen while the former analyses measure just
the organic forms. Based on the high resolution sediment cores results, it had been shown that
TC/TN and TOC/TKN vyield similar values for Hudson sediment samples, indicating that most
sediment carbon and nitrogen were in organic forms. Nonetheless, the results of the TC/TN and
TOC/TKN from the Low resolution Sediment Coring Program were intended to provide further

confirmation of this finding.

Lacking the TC/TN results, the TOC/TKN results are still useful as measures of sediment
properties. The mean and median TOC values were five and six percent of sediment mass on adry
weight basis with arange of 0.2 to 11 percent (Table 2-3), which is quite comparable to the high
resolution sediment cores. The results are also typical for organic-rich, fine-grained sediment.

The TKN results for the sediments had similar values for mean and median at 1,640 and
1,370 ppm, respectively (Table 2-3). Therangein TKN was similar in scale to that for TOC, as
might be expected since both measures are tied to organic matter.

The molar ratio of carbon to nitrogen is sometimes used as an indicator of the source of the
organic material in the sediment. Specifically high ratios (>80) are indicative of awood cellulose
source while low values (about 10) are typical of soil carbon and algal production (Séderlund and
Svensson, 1976). Values in between would be expected in blends of wood cellulose and soil or
algal-based organic materials. Wood cellulose would not normally be an important carbon source
inariver system. However, in the Hudson, because of its history as awood processing area, wood
cellulose is much more common. In addition, it has been reported in the literature (e.g., Bopp and
Simpson, 1989) that wood chip-bearing sediments tend to contain enhanced levels of PCBsrelative
to other sediments. Thus the C/N ratio may serve as aflag for these layers. The C/N ratio in the
l[imited low resolution coring data set varied over arange of 11 to 82, with a median ratio of 40
(Table 2-3). The results indicate the presence of some woody materia in the organic matter
contained in many of the samples since a value around 10 would be expected in the absence of
wood cellulose. This confirms the visual classification which notes wood chipsin 19 of the 27
samples run for TOC and TKN. Unfortunately, no correlation was seen between the visual
presence of wood chips and the C/N ratio. The range and mean C/N ratio for the 19 samples with
wood chips noted was not statisticaly different from the range and mean ratio for the seven

samples where wood chips were not noted. This may be the result of the small samples size (26
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samples), or of the difficulty in homogenizing wood chips in the sediment sample. Given the
median C/N value of 40, which is well above the expected value of 10 for soil and algal-based
organic matter, these results suggest that wood chips or woody material are present as part of the
organic matter throughout much of the Upper Hudson sediments.

24.4 Physical Properties

Grain-Size Distribution

Low resolution sediments were classified by three separate techniques, specifically:

. visual field inspection;
. combined sieve and laser particle analysis (Laser); and
. combined sieve and hydrometer analysis (ASTM).

Results from these techniques are summarized in Tables 2-3 and 2-4. Both Laser and ASTM
techniques were applied to a large subset of the samples collected. Visual field inspections were
performed for every sediment sample. Samples are represented in Table 2-3 based on the largest
grain-size fraction. It should not be inferred from this table that any sample is 100 percent silt,
fine- sand, etc. In fact, most sediment samples were considered to be poorly sorted with a
significant fraction (>10 percent) of other sediment types. In many instances the largest fraction

represented less than 50 percent of the sample.

Evident in all three data sets is the predominance of samples classified as silt (finesin the
case of the ASTM results). The predominance of this fraction reflects the orientation of the
sampling program, i.e., to obtain cores from areas of substantive PCB contamination, generally
areas of fine-grained sediments. In general, the three methods yield similar results for most

samples. The results of these methods are compared by principal fraction in Figures 2-8 to 2-10.

In Figure 2-8 the results of the visual and Laser classifications are compared for the shallow
sediments only, (i.e., just the top slice of each of 169 cores). The uppermost diagram shows the
coincidence between principle fraction by visual inspection versus that obtained by the Laser

technique. The two lower diagrams represent the distribution of matched samples as classified by
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each method. In most instances, the two methods agree on the principal fraction for samples
classified as silt and fine-sand, effectively verifying the subjective visual classification. When the
two methods disagree, it is usually by only one class (i.e., fine-sand by visual inspection is
assigned silt by the Laser technique). In most of these instances, the actual fractions are very close
(e.g., 35 percent silt and 32 percent fine-sand). The coarser materials, i.e., medium- or coarse-sand
and gravel, were not as constant as silt and fine-sand for the two methods. In particular, the
medium-sand as classified by visua inspection could be found in every class by the Laser method.
This is indicative of the poor sorting of the coarse sediments, which made visual classification

more difficult.

In Figure 2-9, the visual inspection results are compared with the ASTM method for
samples (n=143) from a range of depths and locations, as opposed to the shallow sediment
samples presented in Figure 2-8. Again, the two methods generally agree for silt and fine-sand;
however, the coarser fractions are more problematic. As discussed above, thisis attributed to the
poorly sorted nature of the sample materials.

Figure 2-10 compares the results for the Laser and ASTM methods directly for the 69
shallow sediment samples run by both methods. The top diagram shows the agreement of the
principal fractions between the two methods. Although the methods agree for most fines, the Laser
method characterizes more samples as silt than does the ASTM method. Thistrend is apparent for
all sediment classes, with the Laser method tending to characterize more samples into smaller
fractions than the ASTM method. The lower half of Figure 2-10 is a histogram of the percent
similarity calculated for each Laser-ASTM measurement pair. Percent similarity is calculated by
summing the smallest value in each of the sediment classes for a pair of measurements as shown
below:
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Sediment and Class Fraction
Silt Fine Medium Coarse Gravel
Sand Sand Sand
Laser Analysis of Sample 1 45 28 12 15 0 = 100%
ASTM Analysis of Sample 1 35 32 18 12 3 = 100%
35 28 12 12 0 = 8%
Similarity

The range of percent similarity for this data set is 34 to 98 percent with a mean value of 76 percent.
This is quite similar to the work of Shillabeer, et al., 1992, where a set of 406 sediment sample
pairs was analyzed by both Laser and sieve techniques. A mean percent similarity of 79 and a
range of 55 to 97 percent was obtained, with the Laser technique consistently predicting larger
fractions of the finer sediments. This matches the results obtained for the low resolution coring
program quite well. The authors attributed the difference to the way the techniques measure
particles. Essentially the Laser technique reports the particle-size distribution by volume while
the ASTM (sieve) method is sensitive to particle diameter and shape.

Thus, the two methods report different distributions for the same sample. Since the
primary goal of these analyses was to classify sediments in a qualitative sense for potential PCB
contamination, this difference is unlikely to be important. In particular, the Laser results can be
applied directly to the existing Phase 2 database, to expand and confirm the correlations seen
between the side-scan sonar and the confirmatory samples (TAMS et al., 1997). This application
is presented later in this report.
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3. INTERPRETATION OF LOwW RESOLUTION SEDIMENT

CORING RESULTS

This chapter presents evidence to show how the low resolution coring results build on the
previously collected Phase 2 data. Specifically, the PCB results of the low resolution coring program
are compared and contrasted with the high resolution core (dated sediment core) results. Correlations
among the various low resolution core analyses are also examined. Finally, the low resolution core
results are interpreted along with the side-scan sonar data. As noted in Section 2.4.1, PCB
concentration data from the low resolution coring program are log-normally distributed. For this
reason, most graphical presentationsin this chapter utilize alog-scaletotal PCB axiswhen displaying
these results. Median and geometric mean values are good measures for the central tendency of log-
normal data and will be used extensively throughout these discussions. Use of the median and
geometric mean to characterize the log-normally distributed PCB data permits the use of various
statistical teststo examine nature of the PCB data and its correlation with various ancillary parameters
such astota organic carbon and bulk density. A summary of parameters obtained in thelow resolution
sampling program is provided in Table 3-1. It should be noted, however, that the geometric mean is
not an appropriate vaue for the calculation of sediment mass. In thisinstance, the arithmetic meanis

required. Characterization of sediment massis examined in detail in Chapter 4 of this report.

3.1 Comparison between the PCB Resultsfor the L ow Resolution Coresand

the High Resolution Cores

The High Resolution Sediment Coring Program obtained cores from fine-grained sediments
from throughout the Hudson. Aspart of theinterpretation of theseresults(TAMSet al., 1997), severd

important correlations concerning anaerobic dechlorination were found, including the following:

1. All sediment PCB dechlorination losses could be explained by loss of the outer
chlorineatoms (meta and par a positions) from the PCB molecule. No evidencefor
thelossof theinner chlorine atom (ortho position) or destruction of the PCB molecular
structure was found. In support of this, it was shown that the molecular weight of a

sample decreased in direct proportion to increases in the molar ratio of the sum of
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five congeners, BZ#1, 4, 8, 10, and 19, to that of the entire sample. Thisrelationship
would only hold if dechlorination was strictly limited to outer chlorines and if other

possible destructive processes were minor.

2. PCB mass loss by dechlorination was limited to 26 percent of the original
deposited massand that few samplesever approached thislimit. Infact, themean

mass |oss was | ess than 10 percent assuming Aroclor 1242 as the origina mixture.

3. The degree of dechlorination increased with the logarithm of the total PCB
concentration. Thus, sampleswith PCB concentrations greater than 30 ppm exhibited
various levels of dechlorination, while samples with concentrations of less than 30
ppm wererelatively unaltered. This conclusion was perhaps the most important of the

three.

One of the concerns with the high resolution sediment coring program was the issue of
representativeness for other Hudson sediments. Since the high resolution sediment cores were
obtained from select, high-deposition rate, fine-grained sediment environments, would they be
representative of conditions throughout the Hudson where deposition conditions were not as
favorable? The low resolution coring program was intended to generate a data set of spatially
representative samples from a number of areas of the Upper Hudson. This data set was used to

reexamine the relationships derived from the high resolution sediment cores.

Asthefirst step in the re-examination, the changein the samples’ molecular weight relativeto
Aroclor 1242 (DMW) and the molar dechlorination product ratio (MDPR) were calculated for the

entire low resolution coring data set. These terms are calculated as follows:

MWaal242 - MW snpe
MW a1242

DMW = @)

where: DMW is the fractiona difference in the mean molecular weight relative to Aroclor
1242;
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MW 104 IS the mass-welghted mean molecular weight of Aroclor 1242; and

MWsmge IS the mass-weighted mean molecular weight of the sample calculated by:

Croa
MW eangie = Total
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where: | isthe homologue group number from 1 to 10;
mw; is the molecular weight of homologue group | in g/mole;
n; is the number of measured congeners in homologue group I;
C; isthe concentration of congener j in ng/kg; and
Cita I1Sthe total concentration in the sample in ng/kg.
3 [BZ#]

M DPR = :Ii-=2]é4,8,10, 19 (3_3)

& [BZ#]

where: [BZ#1] and [BZ#] are the molar concentrations of congeners | and j, respectively in
the sample (mole/kg); and 126 isthe number of congenersfor which consistent reliable

identification and quantitative data were generated in the Phase 2 anaytical program.

Theterm DMW equals zero for Aroclor 1242, reported to be the main PCB mixture released to
the Hudson (Brown et al., 1984). The DMW is positive for a decrease in molecular weight in the
sample. If a sample is limited to dechlorination by loss of outer chlorines, the maximum value for
DMW is0.223, corresponding to amass|oss of 26 percent. DMW can have negative valuesif heavier

Aroclor mixtures are present or if lighter congeners are lost from the mixture.
The MDPR equals 0.14 for a fresh Aroclor 1242 mixture. The maximum vaue is unity,

assuming compl ete conversion of amixtureto BZ#1, 4, 8, 10, 19 viadechlorination. The MDPR can

never be negative by definition, sinceit isthe ratio of two sums.
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These terms were calculated for all low resolution sediment core samples with atotal PCB
concentration greater than 100 ng/kg. The concentration of 100 ng/kg was selected as alower bound
to avoid quantitation uncertainties associated with the lighter congeners that can occur at low
concentrations. Table 3-2 provides a summary of the range, median and mean values for DMW,
MDPR, total PCBs, and an estimated mass |oss based on the DMW value. Immediately evident from
the table is the consistency of the maximum level of dechlorination with the high resolution core
results ( i.e., no sample attainsthe theoretical limit valuesfor DMW of 0.223 or for MDPR of 1.0, and
few samples even get close). The average level of dechlorination as measured by DMW is 0.1,
corresponding to a mass loss of 12 percent. Considering that the low resolution coring sites were
focused on the hot spots of the Upper Hudson, thisresult isvery consistent with the DEIR conclusion

that the average level of dechlorination throughout the freshwater Hudson is less than 10 percent.

It should be noted that the degree of dechlorination observed (DMW = 0.10) for the median
sediment concentration of 19 mg/kg is noticeably higher than would be expected from the results
reported in the DEIR. Based on the high resolution core analyses, a sediment concentration of 19
mg/kg would have an expected dechlorination level DMW of only 0.05, corresponding to asix percent
mass loss. The reasons for the difference between the observed and expected dechlorination levels
are discussed at length later in this chapter, as part of the analysis of DMW, MDPR, and total PCB

concentration.

Before exploring the relationship between DMW, MDPR, and total PCBs (log transformed
length-averaged) for thelow resolution cores, it isfirst important to examine the rel ationship between
DMW and MDPR for these cores. This relationship is shown in Figure 3-1, which presents the
regression line determined by the low resolution coring results, as well as the high resolution core
regression line and the theoretical relationship. Thereis aclose, but not exact, reproduction of the
high resolution core regression by low resolution core datafor DMW versus MDPR. Although the
difference between the two regression curves is minor, a test for significance using Chow’s F test
(Fisher, 1970) shows the coefficients of the two curves to be dtatistically different. A second
statistical test, Theil's U statistic, indicated that the difference was minor, and likely dueto differences
in variance between the high resolution core and low resolution core results. Based on these
statistical tests, both curves are sufficiently close to the theoretical relationship that they serve to

support the original premise, i.e., that dechlorination is limited to outer chlorines (meta- and para-
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dechlorination) and that little, if any, in Situ destruction of PCB moleculesis occurring. Definitionsfor
Chow's F test and Thell's U statistic can be found in the glossary aswell asin the references ( Fisher,
1970 and Theil, 1996 ).

The plot of DMW versus MDPR confirms the first two high resolution core conclusions
discussed earlier. Confirmation of thelast conclusion from the high resol ution coresthat the degree of
dechlorination increases with the total PCB concentration by the low resolution core resultswasmore
problematic. Aspart of theanalysis, thelow resolution core resultswere plotted asMDPR and DMW
vs total PCB concentration in the same way as the high resolution cores. Figure 3-2 presents the
results for the low resolution cores as well as the regression line and confidence limits for the high
resolution cores. Note that the confidence limits represent the 95 percent confidence limit of the
individual data points and not the regression line itself. There is a distinct left shift in the low

resolution core results relative to the high resolution core results and greatly increased data scatter.

Figure 3-2 also shows the layering information for the low resolution cores, with separate
symbols for the top, second and third dices. With thisinformation displayed, it is apparent that the
majority of the scatter away from the high resolution core regression line stems from the deepest
slices. The separation of these points becomes even clearer when the presence of **Csin the bottom:
most layer isconsidered. Deep layersfrom cores considered complete (no **'Csin the bottom layer)
are amost exclusively responsible for the scatter away from the high resolution core regression line

and confidence limits, as shown in Figure 3-3.

Although thiswas an interesting correl ation, the underlying reason for thiswaslessclear. The
basic issue with these samples was their extensive degree of dechlorination given their very low
sediment PCB concentration. In addition, these points were unique to those cores where the maximum
PCB concentration was usually in the surface layer and where no **'Cswas detected at depth. Cores
with deeper PCB maxima and **'Cs present generally fell within the high resolution core regression
and confidencelimit domain. When congener patterns of the deeper layerswere compared with those
from thetop layers, it was found that in many instances, the deeper layer pattern closely matched that
of the surface layer. The results for the selected core samples are very similar to those of al core
segments, asillustrated in Figure 3-4 which shows three examples of the match between the surface

and deeper layers. In each of the diagrams, a perfect match would have both a slope and R? of unity
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(one). Thevalues obtained are somewhat poorer than the values obtained for field split analyses, as
discussed in Section 2.3.2. However, when they are compared to other top and deeper segment pairs
which fall close to the high resolution core regression, the slope and R? are distinctly higher for the
cores with no **'Cs present at depth. (See Figures 3-4 and 3-5).

Given the strength of the trend observed for high resolution cores and that the low resolution
cores generally followed or paralleled this trend when deeper layers from complete cores were
excluded, it seemed clear that the scattered points must result from a different cause and that the
relationship of increasing dechlorination with increasing PCB concentration wasvalid for resultsfrom
both coring programs. The simplest and most likely explanation of the widely scattered points given
the absence of **'Csin the bottom-most layer is cross-contamination of deeper sediments by overlying
ones. Cross-contamination isof greatest concern when layersoriginaly differed by several orders of
magnitude. Incorporation of aslittle asafew tenths of apercent of overlying material would serveto
create samples with low PCB concentrations that exhibited much higher degrees of dechlorination.
The level of dechlorination in the PCBs in the deeper layer would be expected to match that of the
more contaminated upper layers since any cross-contamination processwould largely serveto dilute
the mixture and not cause any change in the congener ratios. The terms DMW and MDPR represent

various PCB congener ratios and thus would also be unaffected by dilution.

The sensitivity of the results to cross-contamination stemsin part from theway **'Csand PCBs
are handled. **'Cs measurements are performed directly on samples without any concentration or
dilution steps. This technique is sufficient to discern recent deposition from pre-1954 sediment.
Cross-contamination is not an issue since *'Cslevelsare generally measured over only arange of one
to two orders of magnitude. Thus, a minor cross-contamination event (one percent of overlying
material mixed into a deeper layer) will not be detected and a pre-1954 sediment will be correctly
identified. On the other hand, PCB measurements are reported over nearly five orders of magnitude
via laboratory dilution of sample concentrations. Thus a deeper sediment layer incorporating 0.1
percent by mass of an overlying layer at 500 mg/kg (ppm) yields alayer at 0.5 mg/kg (ppm), well
within the range of PCB measurements. This layer would exhibit DMW and MDPR values
commensurate with the level of dechlorination expected for a500 mg/kg (ppm) sample and not a0.5

mg/kg (ppm) sample.
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The potential to cross-contaminate low resolution samplesrelative to high resol ution samples
stems from the way in which cores were collected and processed. As mentioned in Chapter 2, low
resol ution cores were collected by a“vibra-coring” method wherein coring tubes were driven while
being vibrated, enabled greater penetration of the sediments. Thistechnique servesto partially liquefy
the sediments around the tube walls, potentially permitting mixing between sediment layers. Once
collected, low resolution core segments were rigorously homogenized so that the section was well
represented in any subsample, such as that collected for PCB analysis. Cross-contamination of the
magnitude of one percent would have little impact on the mgjor goal of the program, i.e., to establish
current sediment inventories, since the amount of PCB represented in the deeper cross-contaminated
layer would be roughly one percent of the total, well below the uncertainty of the PCB mass
determination of the upper layers (26 to 36 percent based on the field split RPD). However, in the
determination of the relationship of PCB massand dechlorination, it hasthe potential to add significant
variability to the datawhich is unrelated to the dechlorination process.

The issue of cross-contamination was avoided in the high resolution cores in several ways.
Push coring, rather than “vibra-coring” was used. Thus less energy was available to mix adjacent
layers. Additionally, instead of homogenizing each layer prior to subsampling, samples for PCB
analysis were obtained by collecting athree-quarter-inch diameter mini-core from the center of each
coredlice. Because of the small size of the original 0.8 to 1.6-inch (2 to 4-cm) slice, subsamplingin
this manner integrated the dlice thickness while avoiding any sediment layer mixing which may have
occurred along the coring tubewalls. Figure 3-6 illustratesthe difference between the low resolution

and high resolution subsampling processes.
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To avoid the cross-contamination problem, it was decided to include only aportion of the low
resolution coring results. Based on the measured presence of PCBsin all top core segments and the
tendency for the PCB maximum to occur in this layer, all top segments were kept, regardless of the
B’Csresult for the bottom segment. Thisadded 170 samples, onefor each core. In addition, all core
segments from coreswith **'Cs present in the bottom segment (incompl ete cores as defined in Section
2.4.2) wereincluded, which added 43 more samples. Lastly, the segment of maximum concentration
inacore, if it was not the top layer, was added. This added 24 more samples, bringing the total to
237 out of atotal of 371 core segments, or 64 percent of the data set. The remaining corelayerswere
deemed to have too much potential for cross-contamination to beincluded here. All of the excluded

segments failed the criteria given above. These samples met al of the following conditions:

o The segment was not the top-most segment in the core;

° The segment did not contain the maximum concentration for the core;

° “'Cswas not detected in the bottom layer of the core, which indicated that the core
was complete and had greater potential for cross-contamination since PCBsmay not
have been present in the bottom layer ; and

° The maximum PCB concentration for the core was found in a shallower segment,
increasing the potential for cross-contamination of the lower layers as the coring

tube was pushed down through the mud.

These criteria were sufficient to remove the vast majority of the widely scattered points.
However, afew apparent outliersto the DMW and MDPR vstotal PCB regressionsremained in the
data set. Outliers were selected using the Mahalanobis distances (Mahalanobis, 1930) which are
calculated for each point based on the mean, standard deviation and correlation for the data. All
points that were excluded are points marked with an “X” on Figure 3-7. (A definition of
Mahalanobisdistancesisgivenintheglossary.) Exclusion of these pointsyielded thefinal data set
of 229 points, as shown in Figure 3-8, with the statisticsfor the final data set provided in the lower
half of Table 3-2 (selected core segments). These results were compared with those in the upper
half of the table (all core segments) to see the impact of removing the potentially cross-
contaminated samples. The removal made aimost no impact on the DMW and MDPR, based on
their mean and median values. The DMW of the selected core segments had a geometric mean

DMW of 0.101, identical to that of the entire data set, with amedian of 0.098 and arange of -0.106
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t0 0.195. Thisisnotable since the mean total PCB concentration of the points doubled from 15.3
mg/kg to 31.8 mg/kg as aresult of the selection process. Thisresult would be expected given the
removal from the data set of many relatively low level PCB sampleswhose congener patterns (and
therefore DMW and MDPR) matched those of the overlying, more contaminated core segments.
That is, thiswould be expected if cross-contaminated samples are removed from the data set and
not simply low level contaminated sediments which would presumably conform with the high
resolution DMW to total PCB relationship. The mean DMW for the sel ected points correspondsto
amassloss of 12 percent, with no sample exceeding the theoretical l[imit DMW of 0.223, derived
in Table 4-8 of TAMS et al. (1997).

Removal of the potentially cross-contaminated samples from the data set examined here
improvesthe general trend greatly, but still does not yield the regression line determined from the
high resolution core data. Specifically, athough the points tend to fall within the 95 percent
confidence interval for individual measurements as defined by the high resolution cores, the low
resolution core data are still shifted to the left of theregression line. Infact, aregression linefit to
the low resolution core results was shown to be statistically different from the high resolution core
regression (Figure 3-9), indicating a different relationship between dechlorination and total PCB
mass in the two data sets. Chow’s F test showed a greater than 99.99 percent probability that the
coefficients of the two trends were different. This difference was primarily dueto theintercept;
slopesweresimilar (Butcher, 1998b). The difference between the two regression lines depends on
whether DMW or MDPR is used. At the mean conditions for the selected low resolution core
segments (DMW = 0.10 and MDPR = 0.54), the high resolution core regressions yielded a total
PCB value of 107 mg/kg, 3.5 times higher than the mean low resolution core condition. This
suggests that the low resol ution core sediments have dechlorinated asif their concentrations were

3.5 times higher than the measured val ues.

Thisresult was again disconcerting given that the two programs were measuring the same
media in approximately the same manner spanning a period of less than two years. Further
exploration of the PCB data and the sampling techniqueswas again warranted. Asit turned out, the

explanation again lay in the difference in sampling techniques.
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For the high resolution cores, the 0.8 to 1.6-inch (2 to 4-cm) dicing interval s appear to have
been small enough to capture one to five years of deposition. If we examine a typical high
resolution core, we can see that changesin sediment PCB concentrations appear to be well captured
by these sampling intervals. Figures 3-10 and 3-11 illustrate this point further by examining two
individual high resolution cores. Based on the measured changes between adjacent core layers, it
is evident that most high resolution core layers ought to be relatively homogeneous in
concentration throughout their thickness. The only exceptions to this are the points around the
PCB maximawhere changeis rapid and a given layer might span a concentration range of three.
Conversely, thelow resolution core slice or segment isnominally nine-inchesthick. Given that the
high resolution cores record the range of sediment concentrations deposited in agiven area, itis
likely that alow resolution core segment would span arange of two or more orders of magnitude,
based on the PCB ranges measured in the high resolution cores over a nine-inch interval. If we
then apply the total PCB versus DMW and MDPR relationships derived from the high resolution
cores, it is apparent that the PCBs contained in alow resolution core segment would have seen a
broad range of dechlorination conditions. However, the process of collecting and homogenizing
the low resolution core sample would serveto effectively dilute the concentrated and dechlorinated
layers with the less concentrated, relatively unaltered layers, found above and below the PCB
maximum. The dilution would modify the measured concentration but have little effect on the
DMW and MDPR since these parameters represent congener ratios, which tend to be unaffected by
dilution. The congener ratios would be unaffected because of the large PCB mass represented by
the peak concentration layers. The collection and homogenization processwould effectively yield
arelatively dilute sample with the level of dechlorination normally found in aconcentrated layer
as measured by the DMW or MDPR. In Figure 3-9, thiswould serveto shift the DMW and MDPR
relationship with total PCB to the left relative of the high resolution regression, just asit is plotted.
The extent of the shift would depend upon the range of concentrations contained within agiven
low resolution core segment; the greater the range, the greater the shift. Presumably, the shift
would be greatest for cores where sediment deposition was undisturbed by biological processes,
yielding a range of values akin to those seen in the high resolution cores. Conversely, vertical
mixing by biological or other processes would minimize this effect. A similar effect would be
obtained for acore segment which contained portions of pre- and post-1954 sediment, wherein the
uncontaminated layerswould serve to dilute the overlying contaminated ones without changing the
DMW and MDPR values.
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To further illustrate this point, we can examine the two high resolution cores presented in
Figures 3-10 and 3-11, that differ by about an order of magnitude. Assuming that the coresinthe
figure were each represented by a single low resolution core segment, the length-weighted average
concentration of the full core (that which would be obtained by a thorough homogenization of the
core) of Core 19 (Figure 3-10) would be 512 mg/kg (ppm) withaDMW of 0.1871 and an MDPR of
0.8828. Thisisto be contrasted against the conditions of the high resolution core PCB maximum
concentration layer of 2,083 mg/kg (ppm) with a DMW of 0.2074 and an MDPR of 0.9156.
Calculating the MDPR and DMW from the original high resolution coreregression line(MDPR = -
0.714+0.248 log [ Total PCBs] and DMW=-0.251+ 0.070 log [ Total PCBs]) using the homogenized
concentration of 512 mg/kg, we obtain an MDPR of -0.0421 and aDMW of -0.0614, substantially
lower than the length-weighted average values. Based on the high resolution coreregression line,
the DMW value obtained for the calculated low resolution core concentration corresponds to a
concentration of 1,814 mg/kg (ppm) or about 3.5 times higher than the cal culated concentration.
Note that thisincrease is in accordance with the difference between the high resolution core and

the low resolution core regressions shown in Figure 3-9.

For High Resolution Core 21 (Figure 3-11) the length-weighted average would be 66 mg/kg
(ppm) with a DMW of 0.1639 and an MDPR of 0.7325. This is to be contrasted against the
conditions of the PCB maximum concentration layer of 260 mg/kg (ppm) with aDMW of 0.1945
and an MDPR of 0.8682. Calculatingthe MDPR and DMW from the original high resolution core
regression line using the homogenized concentration of 66 mg/kg, we obtain an MDPR of -0.2628
and aDMW of -0.1236, substantially lower than the length-weighted average values. Based onthe
high resolution core regression line, the DMW value obtained for the calculated low resolution
core corresponds to a total PCB concentration of 845 mg/kg or about 13 times higher than the

calculated concentration.

In fact, thiscalculation was donefor all the high resolution cores of the Upper Hudson. The
resultsareillustrated in Figure 3-12. Inthisdiagram, itisevident that if the high resolution cores
had been collected as low resolution cores, the resulting relationship between the degree of
dechlorination as measured by DMW or MDPR and the total PCB concentration would be shifted

to theleft by afactor of five- to eight-fold relative to the high resol ution sediment core regression
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line. That is, concentrations would be five to eight times lower to achieve a given level of
dechlorination. Based on the relationships determined for the high resolution and low resolution
coring programs, it isevident that any coring study which failsto consider the degree of vertical
variability within the sediment will overestimate the extent of dechlorination that can be

anticipated for a given sediment concentration.

The impact of vertical homogenization has different impacts depending upon the
concentration rangein the sediments being collected. Areasof high sediment variability and high
sediment inventory, such as hot spot areas, will yield agreater degree of dechlorination than would
be predicted from the measured concentration over alarge vertical interval. Thisis because the
most concentrated layers with correspondingly high levels of dechlorination will be diluted by the
sampling process while the internal measures of dechlorination (MDPR and DMW) will not be
affected. Conversely, in sediments of relatively low contamination, such as those found in the
extensive areas of coarse sediments, the sampling processwill havelittle effect and these samples
will match the trend obtained from the high resolution cores. This is evident in the extent of
scatter in Figure 3-9. Specifically, the range of the low resolution core results includes the mean
trend (the regression line) from the high resolution cores. 1n addition, the scatter associated with
the low resolution cores (R’ = 0.65 for DMW and total PCBs) is greater than that for the high

resolution cores (R* = 0.73), as would be expected due to sample homogenization.

In summary, thelow resolution core results are consistent with the conclusions drawn from
the high resolution cores concerning dechlorination and PCB mass. The low resolution cores
closely replicate the relationship between DMW and MDPR, confirming the occurrence of meta-
and para-dechlorination and the absence of ortho-dechlorination. Dueto several issues concerning
low resolution sediment core collection, specifically vertical homogenization and potential cross-
contamination, the relationship between dechlorination and total PCB mass appears somewhat
different in the low resolution core results. However, when these issues are factored in to the
examination of the data, the conclusions drawn from the high resolution cores concerning

dechlorination are confirmed by the low resolution core results.
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3.2 Interpretation of the Relationships Among the Low Resolution Core

Parameters

This section describes the relationships found among total PCBs and other measured
parameters. The main purpose of thisexamination isto assess which parameters may be useful in
predicting sediment PCB inventories. Inaddition, the examination will assess the degreeto which
PCBs found in Hudson River sediments conform to general expectations of PCB behavior in the
environment. The analysesin this section are expected to show limited relationships because PCBs,
aswell as other parameters, most likely vary over narrower depth segments than sampled in the

low resolution coring program.

Thetype and number of parameters collected during the low resolution coring program are
outlined in Chapter 2. The parametersthemselves can be classified according to type as shown in
Table 3-1. Nearly al possible parameter pair relationships were examined for this report. The
notabl e exceptions are the congener-specific and homol ogue data which were excluded from this
analysis. This exclusion was made so as to maintain the major focus of this report, i.e., an
examination of sediment PCB inventories warranting use of total PCB concentrations. PCB
congener pattern matching or ‘fingerprinting’ was discussed at length in the previous Phase 2 DEIR
(TAMS et al., 1997) and is not covered here.

The relationships among most of the parametersin Table 3-1 wereinitially examined on a
regression-basis, that is, regression plots and regression coefficientswere generated for the various
parameter pairs. Theseresultsaided in the selection of parameter pairsfor further exploration. In
addition, several parameters were examined based on their expected influences on PCB

concentration.

Using selected samples based on criteria described in Section 3.1, the total PCB
concentration more than doubled to 31.8 mg/kg (Table 3-2). Thisincrease resulted from focusing
on hot spots and more contaminated sediments. Despite removing lowest level samples, which
resulted in anincrease in the mean PCB concentration, the 12 percent mass|oss by dechlorination

remained constant because cross-contaminated samples were scattered over the range of DMW.
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Cross-contamination occurred when recent deposition was shallow (0 to 12-inches) and deeper

dlices were obtained, independent of the level of PCB contamination in the sediment itself.

The results of theinitial regression analyses are presented in Tables 3-3 to 3-8. Thefirst
table represents a correl ation matrix for the entire suite of Laser grain-size distribution parameters.
Thislargetable demonstrates the strong correl ations among many of these parameters, aswould be
expected since many of the parametersrepresent similar properties. For example, silt % isstrongly
correlated with the phi 4.5to 7 (r greater than 0.8). These phi fractions represent sedimentsin the
silt classification (diameters 44 to 7 Fm, respectively). Similarly silt %o isinversely correlated with
fine sand % as might be expected since as the fraction of silt % increases, the fraction of other
classes would be expected to decrease. The strong correlations among many of these parameters
indicates that only alimited suite of them are required to represent the grain-size characteristics.
The next four tables summarize the relationships between three PCB measures (total PCB
concentration, change in molecular weight relativeto Aroclor 1242 (DMW), and MDPR) and Laser
grain-size distribution parameters, ASTM grain-size distribution parameters, radionuclide
parameters, and bulk sediment properties (Tables 3-4, 3-5, 3-6, and 3-7, respectively). The number
of samplesrepresented in atableisequal to the number of samplesthat remained in each analysis
after outliers were excluded using a Mahalanobis analysis (Mahalanobis, 1930). For example, in
Table 3-4, the 170 top core segments were examined for grain-size distribution parameters, using
Laser grain-size methodology, and for PCBs, but only 136 to 149 of the sampleswere considered
acceptable. Similarly, of the 143 core segments taken from various depths and run for ASTM
(sieve) analysis between 122 to 130 were considered to be within acceptable ranges (Table 3-5). In
each table, regression coefficients for each parameter vs total PCBs, DMW, and MDPR are
presented. In general, parameters describing the fine-grained properties of the sediment showed the
strongest correlations with total PCBs although few exhibited strong predictive power (r greater
than 0.5). The notabl e exceptions were the sediment density-rel ated propertieswhich had r values
around 0.6 for shallow sediments, as shown in Table 3-7. Also notable is the generally stronger
correlations seen between total PCBs and the Laser analysis parameters relative to those for the
ASTM analyses. This was attributed to the fact that the Laser analyses were performed on the
shallow sediments exclusively, where the majority of the sediment PCB inventory wasfound. The
parameters DMW and MDPR are included in each table to examine the correlation between the

extent of dechlorination and parameters other than total PCB concentration. The relationship
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between total PCB concentration and the degree of dechlorination as measured by DMW and

MDPR was discussed extensively in the previous section.

Inthelast regression result table (Table 3-8), the more highly correlative variablesfrom the
previous four tables are compared with the two integrated PCB parameters. Specifically, PCB
mass per unit area and the core length-weighted average PCB concentration are compared with

137

bulk density, percent solids, percent silt, and ~'Cs. In these tables, the non-PCB parameters

represent the properties of the shallow (0 to 9-inch) or surficial (O to 1-inch) sediment layers.

Evident in Tables 3-4 to 3-8 is the generally weak correlation among the PCB
measurements and the other parameters. Regression coefficients are rarely higher than 0.5,
indicating only weak predictive power. Theregression of thetwo integrated variables provided the
highest level of correlation (Table 3-8). In addition, PCB inventoriestended to be greater towards
the surface, thereby resulting in higher correlation coefficients. Percent silt had the strongest
correlation (0.35) of the major soil classifications, but the mean phi regression coefficient was also
0.35, with phi 4.5to phi 6.5 (i.e., samples classified as silts) having the highest correlations (Table
3-4). None of the D(x) parameters were particularly strong although the regression coefficients
were comparableto the other grain size parameters (Table 3-4). The D(X) parameters represent the
effective diameter in millimeters of asievewhich would retain "x" percentage of the sample mass.
Thus, the d(50) isthe approximate median particle diameter and the d(15) and d(90) represent the
coarsest and finest fractions of the sample. Additional discussions on the relationship between the
two different grain size distribution methods used in the Low Resolution Coring program are
presented later in thissection. Inthe discussionsand figuresto follow, the median phi (the median

diameter on the phi scale) is used to represent the class of Laser-based parameters.
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Confirmation of Regression Analyses

After completing theinitial regression analysis, the better regression pairs were examined
in more detail, as discussed below. The comparisonswere made by grouping or binning the non-
PCB parameters into equally spaced bins, generally with a sufficient number of values (at least
eight if at all possible) to permit the accurate cal culation of a mean and standard deviation. The
mean PCB concentration in logspace for each of the bins were then compared to each other using a
Tukey-Kramer honestly significant difference calculation (Box et al., 1978) at the 95 percent
confidence level to test for differences among the bins and confirm the regression analysis. This
test permitted identification of those trends of PCBs and parameters which were statistically
significant. Log-transformed total PCB concentration data were used in these analyses since the
PCB data were found to be log-normally distributed, as discussed in Chapter 2.

Outliersto the regression analyses were examined when apparent, based on regression plots
of each parameter pair (e.g., total PCB and bulk density). A Mahalanobis test was performed to
identify the outliers which were eliminated from the regression analysis. The regression results

presented in the tables and figures of Section 3-2 do not include the identified outliers.

The data presented in the figures of this section are represented in a “box and whisker”
format. Essentially, the datafor PCBs are binned according to the variable on the x-axis and then
represented by aseries of box-and-whisker plots. Each box encloses 50 percent of the datawith the
median value of the variable displayed asaline. Thetop and bottom of the box mark the limits of
the central 50 percent of the variable population. The lines extending from the top and bottom of
each box mark the minimum and maximum valuesthat fall within an acceptable range. Any vaue
outside of this range, called an outlier, is displayed as an individual point. The box diagram
describes the following statistics for the data set:

Median The data value located halfway between the smallest and
largest values.
Upper Quartile (UQ) The data value located halfway between the median and the

highest data value (top of box).
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Lower Quartile (LQ) The data value located halfway between the median and the
lowest data value (bottom of box).

Interquartile Distance (IQD) The distance between the Upper and Lower Quartiles
(UQ-LQ).

Range The minimum and maximum values of the data set that fall
withinUQ +15* IQD andLQ - 1.5* 1QD

Outliers Pointswhose valueis either greater than UQ + 1.5* 1QD or
lessthan LQ - 1.5* IQD

Note that the identification of outliers by the box-and-whisker plot is not the basis for the
exclusion of pointsfrom theregression analysis. Only those pointsidentified by the Mahalanobis
test mentioned above are excluded from the regression analysis. The plots presented in thissection

include al points, including the outliers.

For the comparisons of the various parameters with PCB concentration, the vertical axis,
representing total PCB concentration, is always in log-scale. This is based on the analysis
presented previously which showed the PCB concentrationsto be log-normally distributed. Thus,
the correlations are all made to thelog of the PCB concentration sincethisisarelatively constant
parameter to which the standard statistical assumptions concerning normality can be applied.

In addition to the box-and-whisker diagramsfor each data bin or group, the databin median
and arithmetic mean are shown. The median corresponds closely to the geometric mean sincethe
PCB data are log-normally distributed. The arithmetic average is calculated on the actual PCB
concentrations and not on the log-transformed data.

Correlation with Bulk Sediment Properties

Figures 3-13 to 3-18 and Table 3-7 show various comparisons between the PCB measures

and the bulk sediment properties. Total PCB concentrationswere found to generally decline asthe
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bulk density, percent solids, solid specific weight and particle density increase. Thiswould be
expected assuming that the organic carbon content declines asthese parametersincrease. Thiswas
confirmed for bulk density and percent solidsfor both shallow sediment samplesand all sediment
samples. Most bins from the sediment samples were found to have statistically different mean
valuesfrom at least half of the other binsin the diagram. In general, therelationship to total PCBs
was found to be stronger in the shallow sediments. Thisis attributed to the constant presence of
PCB in thislayer. When the deeper layers are included, layers with similar bulk properties but
little PCB mass are added (typically the deepest layers), thus adding scatter to the data and

weakening the correlations.

For solid specific weight (the product of bulk density and percent solids), the trend was
much weaker and typically only the end bins were statistically different from the rest of the set.
Similarly, particle density did not show any statistical significance with respect to total PCB
concentrations based on the binned data. Thiswas somewhat unexpected but is probably the result
of the calculation of particle density which involves both bulk density and percent solids. Itis
likely that the combined uncertainty of these two parameters as particle density creates too much

total uncertainty and prevents the detection of a statistically significant trend.

In Figures 3-17aand 3-17b, bulk density is compared with the measures for dechlorination
(DMW and MDPR) for all sediments and shallow sediments, respectively. The DMW and MDPR
both decline with increasing bulk density. The correlation with shallow sediments and measures of
dechlorinationsis greater than the correlation with all sediments and is attributabl e to the constant
presence of PCBsin the shallow layer. Regression coefficients for these parameters are shownin
Table 3-7. Thisisthe sametrend found for total PCB mass. However, given the weakness of the
regressionswith bulk density, itislikely that the trend isthe result of the strong correlation among
total PCBs, DMW and MDPR, and not related to any change in bulk density.

In summary, these results show the dependence of total PCB concentration on the presence
of lighter material in the sediment (e.g., Table 3-6, Regression Coefficients). Presumably this
lighter material represents organic matter. The correlation of DMW and MDPR valuesislargely a

ramification of the correlation with total PCB. None of the bulk sediment parameters are better
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predictors of the extent of dechlorination than total PCB concentration. Among the four bulk

sediment parameters, percent solids had the strongest correlation with total PCBs.

Correation with Grain Size Distribution

Three different measures were available to describe the grain-size distribution of the
sediment samples: Laser analysis, ASTM (sieve) analysis, and the geol ogist’svisua classification.
In general, the parameters generated by these techniques exhibited weaker correlationsfor the laser
analysis(Table 3-4) and the ASTM analysis (Table 3-5) than the bulk sediment parameters (Table
3-7) described above. All three techniques generated a principle grain-size fraction parameter.
The comparison among these results for principle fraction was presented in Section 2.4.3. In
comparing the principlefraction to total PCB content, each technique produced a consistent finding
that samples classified with silt (or fines) asthe principlefraction had a substantively higher PCB

content relative to the other sediment classes.

Using the geologist’s classification and the Laser technique results, the silt group was
statistically higher than all other groups, with approximately afour-fold higher PCB concentration.
The coarser sediment classes, fine-sands and coarse sand/gravel, were not statistically different
from one another, based on the Tukey-Kramer honestly significant difference at the 95 percent
confidence level. Figure 3-18 shows the relationship between principle fraction by geologist’s
visual inspection versus total PCB concentration. Diagrams are shown for all sediments and for
shallow sediments. The diagram for all sediments represents all 371 measurements since all

samples analyzed for PCBs were also classified by the field geologist.

The PCB results support the widely held theory that PCBs tend to associate with fine-
grained sediments. Also notable in Figure 3-18 are the distinctly low values for clay samples.
These samples were identified as clay by the geologist, although subsequent grain-size analysis
later classified them as silts. However, the nature of these “clay” sampleswas distinct from fine-
grained sedimentsfound elsewherein theriver. Specifically, the clay sasmpleswere distinctly gray
in color with visible banding typically associated with varves. These samples were believed to

represent lake bottom deposits from a glacial-age lake resulting in their low level of PCB
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contamination and failure to conform with the expected trend of fine-grained sediment and higher

PCB content.

The ASTM grain-sizedistribution data, while confirming the general finding of higher PCB
levels in samples whose principle fraction was silt, did not yield as much statistical separation
among the various sediment classes as the two other methods. In addition, asawhole, the ASTM
samples were less contaminated than the shallow sediment Laser samples (geometric means for
total PCBsof 7.0 and 23.4 ppm, respectively). Thelessened statistical significance and the lower
average PCB level were attributed to the fact that the ASTM sample data set consisted of many
samples collected at depth (second and third core segments) where PCB concentrations were
typically lower, regardiess of sediment type. Presumably, a portion of these sediments would
include PCB-free material deposited prior to 1950 which would exhibit no correlation between
PCB content and sediment type.

Sincethesilt classification proved to be a statistically significant predictor for PCB, it was
explored further on a quantitative basis as percent silt. Thisanalysis could only be done for the
Laser and ASTM technique results which had quantitative results. Figure 3-19 showsthe results
for percent silt vstotal PCB concentration for the Laser analysis. Thisfigure representsthe data
from all 170 top segments (shallow sediments). The Laser results were chosen for this
presentation because they represent shallow sediments exclusively where most of the PCB massis
found. Sorting the percent silt data into three groups yielded three statistically different means
showing the predictive power of this parameter. The results show arelatively steady increase to
higher PCB levels with higher silt content. The sediments with silt fractions greater than 66

percent were on average five times higher in PCB content than sediments |ess than 33 percent silt.

The last parameter to be examined under grain-size distribution is the mean phi (f). The

parameter phi is ameasure of the particle diameter calculated as follows:

f =-log, (diameter in mm) (3-4)
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Thus, each unit of phi represents ahalving of the particle diameter (e.g., 8 phi equals0.0039
mm, which equals half of 7 phi at 0.0078 mm). Mean phi isameasure of the center of thesample’s
grain-size distribution, unlike percent silt which is more a measure of the sample mass than a
measure of specific diameter. It should be noted that phi isanegative log value and thus as the phi
value increases, the particle diameter decreases. Figure 3-20 groupstotal PCBs by mean phi and
exhibits a trend to higher PCB levels with higher phi. However, only the rightmost bin,
representing sediment sampleswhose mean diameter islessthan 4.5 phi or 0.044 mm (44 nm; i.e.

samples classified as silt), is statistically significant from the others.

In summary the grain-size distribution data showed the expected correlation of PCBs and
fine-grained sediments but little more. The parameters generally showed a dlightly weaker
correlation (absolute value of r, |r|, was between 0.41 and 0.47 for phi 4.5 to phi 6) with total PCBs
than the bulk sediment properties (|r| = 0.50 to 0.58). Similarly, the correlations between DMW,
MDPR and the grain-size parameters (Jr| = 0.36 to 0.43) were lower than thosefor DMW, MDPR
and the bulk sediment properties (|r| for MDPR = 0.40 to 0.54) for shallow sediments. It would
appear that correlations between total PCB concentration and both the grain-size distribution data
and the bulk property data are concurrently tracking the fine-grained, rich-in-organic matter silt

content of the sediment and little else.
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Chemical and Radionuclide Parameters

Six parameters were examined under thisheading. Three, consisting of total organic carbon
(TOC), total kjeldahl nitrogen (TKN), and the carbon-to-nitrogen molar ratio (C/N), were
conducted on avery limited data set (27 samples) and thus are limited with regard to correlation
analysis. The C/N ratioisthemolar ratio of the TOC and TKN analyses. Asnoted in Section 2.3.3,
TOC and TKN were obtained from avery limited sample set. The sampleswere randomly selected
from the set of core segment samplesand were originally intended to merely confirm the results of

thetotal carbon/total nitrogen analyseswhich were never completed. The other three parameters,

137 137

surficial *'Cs, surficial '‘Be, and bottom segment **'Cs, were not measured on samples run for PCB
analysisand cannot be considered on an individual sample basis. These parameters are descriptive
of the core as awhole, without a direct connection to any individual sample. For thisreason, the

137

Csand 'Beresults were compared to the entire core inventory as PCBs per unit area. In addition,

surficial *'Csand 'Be were also compared with the corresponding core shallow segments since they
partly overlapped. Theregression resultsfor these parametersvstotal PCB, DMW, and MDPR are

summarized in Table 3-6.

TheTOC, TKN, and C/N ratio generally exhibited only weak correlations with total PCBs,
DMW, and MDPR. PCB concentration showed a positive correlation with TOC as would be
expected athough the correlation was weak (r = 0.39). The relationship between TOC and total
PCB is shown in Figure 3-21. Most of the response between TOC and total PCB concentration
occurs between those with samples less than three percent TOC and those greater than three
percent TOC, although none of the groups displayed in Figure 3-21 were dtatistically different from
the others. Few samples had concentrations below three percent, which made it more difficult to

determine statistical significance.

TKN exhibited adightly weaker correlation with total PCB than TOC and consequently was
not examined further. The C/N ratio exhibited aweaker relationship with total PCB (r = 0.29) than
either of the individual measurements. Interestingly, the C/N ratio showed a relatively strong
correlation with the dechlorination measures DMW and MDPR (r = 0.36 for both) as compared to
theindividual TOC and TKN relationships (Jr| < 0.2). Changesinthe C/N ratio are believed to be

reflective of increasesin the wood cellulose content of the sample, which would increase the molar
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CIN ratio. Asdiscussed previously, soil and algal-based organics would be expected to have C/N
ratios around 10 while wood-based materials can values greater than 100. Wood cellulose would be
presumably derived from wood chips. The suggestion that the degree of dechlorination increases
with the C/N ratio would indicate that the presence of woody materials correlate with high PCB
concentrationsin the sediment. Unfortunately, the visible presence of wood chipsdid not correlate
with the C/N ratio, asnoted in Section 2.4.3, so no visual clue could be confirmed for the possible
occurrence of dechlorination. However, this data set is limited in the number of samples

represented and so further exploration of these issuesis not possible.

The radionuclide results showed several significant correlationswith the PCB parameters,

137

such as between ~'Csin surficial sedimentsand PCB concentrationsin the corresponding shallow
sediments (r = 0.45). 'Be measurements in surficial sediments were shown to have a statistically
significant relationship with shallow sediment PCB concentrations when grouped into ‘Be detected
and non-detected groups. The median total PCB concentrations were about three times higher for
the sediments when ‘Be was detected, indicating that PCB concentrations in shallow sediments
were higher in areas showing recent deposition. No correlations between '‘Be concentrations and
sediment PCB concentrations were found, other than the detect/non-detect groupings. Similar but
weaker resultswere found when the datafor PCB mass per unit areawere examined (see Figure 3-
22 and Table 3-6). Although the presence of 'Be was shown to correlate with higher PCB

concentrations, this should not be assumed to result from recent deposition of PCBs from recent
GE releases, effectively increasing theinventory. Aswill be discussed in Section 4.1 the majority
of sites studied exhibited PCB mass loss relative to previous studies. If recent deposition is
relatively contaminated as compared to prior deposition, its impact is undiscernible given the
vertical resolution obtained for these cores and the estimated net PCB losses. Thus, ‘Bepresence is
correlated with relatively higher PCB inventories but is not necessarily evidence of recent deposits
of highly contaminated material. Nonethel ess, since all locations had measurablelevels of “Csand

PCBs, the following inferences can be made:

1. The presence of “'Cs and PCBs indicates that all sites cored were depositional at
least at one point in the last 40 years.
2. The siteswithout ‘Be present are not currently accumulating sediment and therefore

are probably not being buried.
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3. The lower PCB concentrations in the ‘Be non-detect cores indicate that either less
PCBs were deposited at these sites to begin with or that PCB loss, potentially via

scour, has occurred, or both.

While the inverse correlation between ‘Be absence and PCB concentration does not offer
proof of sediment scour, it does suggest that burial of contaminated sediments with “clean”
sedimentsis not occurring in at least 30 percent of the coring sites since there is no evidence of
recent burial.

®'Cswas measured in both surficial and bottom core sediments. Both measurements were
compared with total PCB concentration and inventory. “'Csin core bottoms had no statistical
correlation with sediment PCB concentration or inventory. Thissuggests that the incomplete cores
described in Chapter 2 can probably be considered good estimates of the current PCB inventory at
their coring sites. Notable exceptions are discussed in Section 4.2 However, asapredictor for PCB

137

concentration or the degree of dechlorination, ~'Cs was not useful.

“'Csin surficial sediments exhibited the strongest correlations with PCBs of any of the

137

radionuclide measurements. Table 3-6 contains the regression coefficients for ~'Csin surficial

sediments. The relatively strong positive correlation of *'Cs with shallow sediment PCB

concentration isshown in Figure 3-23. The data can be grouped into three statistically significantly
different groups 0 - 500 pCi/kg, 500 - 1,000 pCi/kg and >1,000 pCi/kg. The two highest *'Cs bins
(1,000 - 1,500 pCi/kg and 1,500 - 8,000 pCi/kg) are statistically indistinguishable. These data

137

support the anticipated association of PCB and ~'Cs. Although they have different release
histories, their association with fine-grained sedimentsyields a positive correl ation between them.
In addition, the thick low resolution core segments tend to span a sufficient depositional interval
(roughly 30 to 40 years), so as to average-out their different histories and yield a positive

137

correlation. Interestingly, the three-fold rangein ~'Cs concentration yields an order of magnitude

137

increase in the PCB concentration in surface sediments. The range of ~'Cs obtained for the low
resolution core surficial sediments (44 - 8700 pCi/kg) is greater than that obtained for the high
resolution core surficial sediments (250 - 1300 pCi/kg) but only three samples exceeded 2000

pCi/kg. In fact, the median value for the low resolution surficial sedimentswas 715 pCi/kg, well
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within the range of the surficial sedimentsfor the high resolution cores. Given the varied sediment

types and varied depositional environments sampled under the low resolution coring program,

137

which would serve to deposit, accumulate and rework sediments of various ~'Cslevels, the range

137

of the “'Cslevels measured in the surficial sediments does not appear extraordinary.

137

Cswasalso positively correlated with the sediment PCB inventory aswould be expected

given the correlation with surface concentration. The PCB inventory data exhibited more

137

variability with surface ~'Cs but still showed at least an order of magnitude increase across the

range of *'Csvalues.

“'Csin surficial sediments was also compared with the MDPR and DMW to examine the
relationship between *'Cs and dechlorination. Both the shallow sediment MDPR and DMW as

well asacore average M DPR and DMW were examined against ™'

Cs. Thecoreaveragesof MDPR
and DMW were calculated using length-weighted average congener concentrations. All

dechlorination measures were positively correlated with *'Cs. The DMW and MDPR for shallow
sediments are plotted in Figure 3-24. Although positively correlated, the regression coefficients

137

are weaker than those between PCB concentration and surface ™ Cs, indicating that the correlation

“'Cs and dechlorination is merely aresult of the correlation between *'Cs and total PCB

between
concentration and the far stronger correlation between dechlorination and sediment PCB
concentration. Asin all the other variables examined, the correlations using the entire core were

weaker than those for the shallow core segments alone.

3-25 TAMS



Summary

Correlation analysis among the various parameters and the PCB measures generally
confirmed the expected relationships for PCBs in the environment. The strongest predictors for
log-transformed, length-averaged PCB concentration among the parameters examined were percent
solids, solid specific weight and bulk density, all of which were negatively correlated with
concentration. Thiswas anticipated, given that at lower density, more porous sedimentstend to be
richer in organic matter and fine-grained sediments, which also have an affinity for PCBs. PCB
concentrations were positively correl ated with fine-grained sediment as measured by the principle
sediment fraction, the percent silt, or the median diameter. Several phi fractions, phi 4.5,phi 5, phi
5.5, phi 6 and phi 6.5, exhibited stronger correlations than the three more general sediment grain-
size parametersjust listed. These phi fractions correspond to particle sizesintherange of 11to 44
nmm, which are all contained within the silt fraction (5 to 75 nm). Correlation coefficientswerein
the range of 0.41 to 0.47, which were still substantively lower than those for the bulk sediment
properties (Jr] = 0.56 to 0.65). The other phi fractions and the fractional diameters, D(10) to D(99),
did not prove any more useful in predicting PCB concentrations than did the more general grain-

Size parameters such as percent silt and median diameter.

PCB concentrationswere also positively correl ated with organic carbon (TOC) athough the
data set was quite limited, preventing amore thorough examination of therelationship. The degree
of dechlorination, as measured by DMW, was positively correlated with the C/N ratio, suggesting
that sediments high in wood materials exhibit higher degrees of dechlorination. This correlation
may be the result of the higher PCB concentrations which have been demonstrated for wood chip-

bearing layers (Bopp and Simpson, 1989).

Correlation analysis between PCBs and the radionuclide measures yielded someinteresting
findings. Although the *'Cs measurement on the bottom-most core segment did not yield any
statistical correlations, both surficial '‘Beand “'Csdid. 'Bewas used on a detect/non-detect basis
and PCB concentrations were higher by afactor of three in samplesin which ‘Be was detected, as
compared to samples where '‘Bewas not detected. The absence of ‘Bein approximately one-third
(30%) of the coresindicatesthelack of sediment burial in these coring sites and their potential as

active scouring sites.
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Surficial ®'Cs was shown to positively correlate with the shallow sediment PCB
concentration, the sediment PCB inventory, the degree of dechlorination in shallow-sediments
(DMW and MDPR) and the degree of dechlorination in the entire core. Thefirst two correlations
were expected, given that both PCBs and *'Cs preferentially adsorb to the same sediment type.
Thelatter two correlations are believed to stem from the strong correl ation between dechlorination
and PCB concentration and do not represent an independent correl ation between dechlorination and

137 C S,

In all of the correlation analyses, shallow sediments always provided stronger correlations
between the variables than did the results for the entire core. Thiswas attributed to the fact that
most of the cores' PCB maxima occurred in the shallow sediment (top) segment, and most of the
PCB inventory was found in the upper 9 inches of sediments. In addition, the inclusion of the
deeper layersin the correlation analysis meant the likely inclusion of sediments deposited prior to
the PCB discharges by GE, sediments whose properties would have no correlation with PCBs.

Thus, the whole core correl ations were weakened rel ative to shallow sediments.

The correlation analyses confirmed the expected behavior of PCBs in the Hudson River
environment. PCBs are most concentrated in fine-grained, relatively low density, probably

137

organic-rich sediments with relatively high levels of ~'Cs. Dechlorination correlates with a
number of variablesbut none are as useful for predicting dechlorination asthe PCB concentration

itself.
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3.3 Interpretation of the Low Resolution Core and the Side-Scan Sonar

Results

Animportant intended use of the low resolution coring results was their application to the
side-scan sonar data collected in 1992 and initially reported in the Phase 2 Volume 2C Data
Evaluation and Interpretation Report (TAMS et al., 1997). In this section the application of both
the grain-size distribution data and the sediment PCB concentrations obtained during the low
resol ution core sampling program are compared with the prior resultsreported inthe DEIR. While
a large concurrent grain-size distribution data set (the confirmatory sediment samples) was
originally available to calibrate the side-scan sonar data, the PCB datain the DEIR analysiswere
not concurrent, having been collected in 1984 by NYSDEC. Thus, the anaysis of the low
resolution core sediment PCB datawill provide arelationship for current conditions. In addition,
the low resolution core data set extends below the TI Dam, and so provides data on current

conditions over alonger distance than the original 1984 data set.

Generation of the Digital Number Values (DNs) for Low Resolution Coring Sites

To apply thelow resolution core datato the side-scan sonar results, it wasfirst necessary to
obtain the arithmetic mean acoustic response, or digital number, for each of the low resolution
sampling sites. The arithmetic mean digital number (DN) was obtained for both 10- and 50-foot
circles circumscribed about each sampling point based on the 500 kilohertz (kHz) acoustic signal
images, the primary side-scan sonar results. Inthe analysis of the side-scan sonar datainthe DEIR,
both the arithmetic mean and the median DN50 were examined and shown to yield similar results.
In thisanalysis only the arithmetic mean was examined since it was found to yield slightly better
correlations relative to the median. The DN10 and DN50 represents the average of all acoustic
results contained in the 10- and 50-foot circles, approximately 82 and 1900 points per circle,
respectively. Theresultsfor the 50-foot circle (DN50) were used in all of the subsequent analyses
described here. Both 50-foot and 10-foot circles were used in the analyses reported in the DEIR.
Figure 3-25 shows the general relationship between the DN50 and the DN 10 for the low resolution
sitesselected for useinthisanalysis. Although some scatter isevident in the relationship between
thetwo DN values, aregression on thedataisrelatively closeto theideal match. At the upper end
of the range, the difference between the DN50 and DN10isonly 15 percent. The selection criteria

for the low resolution core sites is described immediately below.
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As part of the calculation of the DN50, the quality of the acoustic image around each
sampling point had to be reviewed. This was accomplished using a geographical information
system to coordinate sample locations, the 50-foot circles, and the side-scan sonar images
themselves. Plates 3-1 to 3-19 are the side-scan sonar image maps showing the locations of the
low resolution core sites and their associated circles. Of the 170 core sites, only 119 were |located
in areas covered by the side-scan sonar images. Of the 119 locations, 26 locations had to be
excluded duetoimage quality issues. Many points had to be excluded dueto proximity to the edge
of the image. The entire 50-foot circle had to be within the sonar coverage or else false values
would be included in the DN50 calculation. Other locations were excluded simply due to poor
image quality, typically the occurrence of the ship’strack within the 50-foot circle. To confirmthe
visual choices of poor image quality, the DN50 and DN 10 values were compared. Good quality
images would have similar values for both DNs. Thisis shown in Figure 3-25 which isaplot of
the DN50 vs DN 10 for thefinal point selection: Poor quality imageswould fall far from theideal
line shown in Figure 3-25. The selection process yielded 93 |ocations whose associated images,
within the circle, were acceptable. These locations are marked on Plates 3-1 to 3-19 by a50-foot
circle. Excluded locationsare marked with acircle overwritten withan ‘X’. It isimportant to note
that in the production of these plates, someimage quality was sacrificed in order to fit theimages
on the 8-1/2 by 14-inch sheets. In selecting acceptable locations, the original side-scan sonar

images were examined at their original size and scale.
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Application of the L ow Resolution Core Grain Size Distribution Datato the Side-Scan Sonar
I mages

The DN50 values obtained for the low resolution coring sites were then compared with the
Laser grain-size distribution parameters obtained on top (shallow) core segments using least
squares linear regressions. These regression results were then compared with the confirmatory
sampling program results on the basis of the correlation coefficient (r) term (See Figure 3-26). In
general, both the low resolution and confirmatory sampling data sets show relatively strong
correlations (r > 0.38) for the same grain-size distribution parameters. Nonetheless, the low
resolution coreresults generally yielded lower r values. For example, ther value for the mean phi
(f) (geometric mean diameter) for the low resolution coring results was 0.68 as compared to 0.73
for the confirmatory cores. Similarly, the correlation with percent silt plus clay at 0.64 was less
than that for the confirmatory samples at 0.73. Only percent sand and percent gravel had higher
correlations for the low resolution coresrelative to the confirmatory cores. The precise reason for
the general decrease in correlation is not known; however, it islikely that it stems from several
differences between the two programs. In particular, the low resolution core sediment grain-size
distribution parameters were obtained for shallow sediments, nominally from 0 to 9-inchesin
depth. Confirmatory sediment samples were obtained from core topsfrom 0 to 2-inchesin depth
and from shallow grab samples approximately 4 to 6-inches in depth. Thus, the confirmatory
samples would more closely measure the actual sediments (i.e., surface sediments) responsiblefor
the acoustic signal at a given location. In addition to the difference in sampling technique, the
orientation of thetwo programswasdifferent. For the confirmatory sampling programs, the intent
was to obtain samples from many different sediment types so as to calibrate the side-scan sonar
results. Thelow resolution coreswere intended to characterize sedimentsin alimited number of
areas focusing on regions of high PCB inventory. Inthis manner, thelow resolution program did
not obtain many coarser-grained sediment samples. The lack of these data might serve to weaken
the strength of theregressions. Lastly, itisalso possiblethat there were some changesin sediment
type at some locations. However, as will be discussed below, there does not appear to be any

extensive changes in sediment type.
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In addition to the regression comparisons, the low resolution core datawere also compared
with the side-scan sonar images on the basis of sediment type. For each of the top low resolution
core segments, a principal sediment class was identified by both visual inspection and by Laser
analysis. Similarly, theimage areas had been classified asto the general sediment type based on
theimageitself. The comparison between the two sediment classification techniques and thesde-
scan sonar classifications are shown in Figure 3-27. It isevident from the two diagrams that the
resultsfor the Laser analysis correspond better than the visual inspection with the side-scan sonar
interpretation, although both techniques agree well with the side-scan sonar classifications. Note
for example, the greater correspondence of the silt samples by Laser analyses with the fine-
sediments classification by side-scan sonar. Thereason for the better agreement between side-scan
sonar and Laser analysisisnot known but probably results from the more accurate classification by
the Laser technique. Also, the original side-scan sonar interpretations were based on Laser
analysis of the confirmatory sediment samples. For this reason, the remaining discussion on the
correspondence between sediment sample classifications and side-scan sonar resultswill discuss
the Laser resultsexclusively. It should be noted that all of the low resolution core sites covered by
the side-scan sonar images, a total of 126 locations, are represented in Figure 3-27. This
interpretation and discussion is not limited by the local image quality unlike the previous

numerical regressions on digital number (DN50).

In general, low resolution cores whose principal fraction was silt were obtained from image
areas classified asfine or finer sediments (88 percent of samples and areas matched). Similarly,
coreswhose principal fraction was classified as medium-sand were typically obtained from coarse
or coarser sediment areas (86 percent of samplesand areas matched). Fine-sandswerefound to be
equally distributed between the fine and coarse sediment areas as might be expected given the
limited classification types for the side-scan sonar interpretation. The few gravel samples were
also split between fine and coarse areas which was not anticipated. However, this set of samplesis
believed to betoo small and unrepresentativeto infer any rel ationship between gravel and the side-

scan sonar images.

The agreement between the three main sediment types by L aser analysis and the side-scan
sonar images is considered to be quite good in that the descriptions and sample locations agree in

the vast majority of cases. These results also indicate that the sediment types have remained the
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same in the areas studied by the low resolution program. Given that the low resolution core sites
were obtained throughout the area of side-scan sonar coverage, it islikely that the sediment area

classifications have remained relatively constant during the Phase 2 study period (1992 to 1994).

Figure 3-28 presents a different perspective on the correspondence between the low
resolution coring grain size results and the side-scan sonar data. This figure presents the DN50
values grouped by principal sediment fraction. Thisfigurewas constructed in the samefashion as
the similar box- and-whisker plots presented in Section 3.2. The figure showsthe steady increase
inthe DN50 value from siltsto fine-sand to medium-sand plus gravel. Note that the fine-sand box-
and-whisker plot straddles the range of DN50 from 40 to 60, which was the approximate range used
to define fine- and coarse-grained sediment in the original side-scan sonar interpretations. This
would explain the nearly equal distribution of fine-sand between the two sonar classifications seen
in the previous figure (Figure 3-27). Note that this diagram is again limited to the 93 low

resolution sites for which DN50 values could be defined.

Using the Tukey-Kramer honestly significant difference test, all three groups shown in
Figure 3-28 were shown to be statistically significant and different from each other at the 95
percent confidencelevel. Thisisfurther confirmation of the correspondence between the side-scan

sonar response and sediment type as classified by a standard technique.

Thelast figureto be presented under the discussion of grain-size distribution and side-scan
sonar resultsis Figure 3-29. Thisfigure shows the correspondence between the mean grainsizeon
the phi scale and the DN50. Also shown isthe relationship for the mean DN50 and mean phi for
the confirmatory samples. Thisdiagram and regression are nearly identical to the original diagram
for the confirmatory samples presented in Chapter 4 of the DEIR (TAMS et al., 1997) which is
based on the median DN50 as opposed to the mean DN50. Asis evident in the large diagram in
Figure 3-29, the relationship between the mean DN50 and the mean diameter for the low resolution
coresisnot the same asthat found previously. Nonethel ess, both curves show a substantive decline
in DN50 as the mean particle diameter decreases (phi increases). Although the regression curves
are relatively close, the resulting low resolution regression yields a slightly better fit between
DN50 and mean diameter after the exclusion of 4 points, based on a Mahalanobis analysis. The

reason for the difference between thetwo curvesisnot known but it islikely that it isrelated to the
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following issues. Specifically, the vast mgjority of low resolution core samples were obtained
from fine-grained sediment areas and the data set probably does not contain asufficient number of
values to constrain the regression at higher DN and lower phi (larger diameters). In addition, as
mentioned previously, thelow resolution sediments were obtained from substantially lower depths
in the sediment (0 to 9-inches for the low resolution top segment versus 0 to 2-inches for the
confirmatory cores and less than 4 to 6-inchesfor confirmatory grab samples). The collection of
deeper sediments may alter the underlying relationship. Lastly the conditions may have changed
between 1992 and 1994, but this seems unlikely in light of the sediment classification evidence

presented earlier.

In summary, the grain-size distribution data reaffirm the general conclusions concerning

the use of the side-scan sonar data, which are:

o The side-scan sonar data can be used to classify large areas of the river bottom in
terms of their sediment properties. Thiswas confirmed by the samples collected

which closely matched the sediment types identified by side-scan sonar.

. The acoustic signal asrepresented by the DN50 decreases as the sediment becomes
more fine grained. This was confirmed by both the principal fraction correlation

and the direct comparison of DN50 and mean diameter.

Comparison Between the Side-Scan Sonar Resultsand PCB Levelsin Shallow Sediments

In the DEIR, acomparison was made between the DN10 and the 1984 NY SDEC sediment
survey results. The comparison showed that the PCB levelsin shallow sedimentshad a statistically
significant inverse correlation with the DN10. The main limitation of the comparison was the
length of time between the 1984 NY SDEC sediment survey and the 1992 side-scan sonar survey.
As part of the analysis of the low resolution core results, the 1994 shallow sediment PCB levels
were similarly compared to the 1992 side-scan sonar results eliminating much of the issue over
time elapsed. In thisinstance, the DN50 was used instead of the DN10 sinceit has been the main

parameter for comparison throughout this section. As shown in Figure 3-25, use of the DN50
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relative to the DN10 does not appear to introduce any substantive error, given the inherent

variability of these parameters.

In the original analysisin the DEIR, the DN values were grouped into bins of about five
units(e.g., DN10 of 40to 45). Thesmall binintervalswere usablefor thisanalysis because of the
large number of samples (about 1,200). The low resolution cores were far fewer in number (93)
and thuswould not support such narrow bins. For thisreason, just three groupings of thetotal PCB
datawere made, based roughly on the important transitions seen in the original analysisusing the
1984 data. These bins were defined as follows:

o DN50 greater than 60;
o DN50 less than or equal to 60 and greater than 30; and
o DN50 less than or equal to 30 and greater than 10.

No DN50 values were obtained lower than ten. The value of 60 corresponds to a marked
changein the relationship between DN10 and the total PCB concentration in the original analysis.
This value also represents an approximate sediment texture boundary based on the DN50 and the

Laser grain size distribution for the confirmatory sediment samples.

Theresultsfor total PCB concentration in shallow sediments grouped by DN50 are shown
in Figure 3-30. Evident inthefigureisthe marked increasein PCB concentration acrossthe DN50
valueof 60. A smaller increase occurs across the DN50 value of 30. When these bins were tested
for statistical significance using the Tukey-Kramer honestly significant differencetest, thefirst bin
(DN50 greater than 60) was found to be statistically different from the other two bins. Thelatter

two bins were not statistically different.

The results as presented in Figure 3-30 confirm the original findings of the DEIR
concerning the acoustic signal asrepresented by the DN50. Essentially, coarse-grained sediments,
typical of highly-reflective side-scan sonar areas (DN50 greater than 60) are distinctly less
contaminated than the finer-grained, less-reflective areas. Based on the average or the median
conditions, less-reflective finer-grained sediments are about ten to twenty times more

contaminated than the coarser-grained areas. The results of the low resolution coring programin
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fact yield alarger differencein PCB concentration across the DN50 threshold of 60 (about a seven-
fold increase) than did the original analysisusing 1984 data, although the change in thisdifference

may not be statistically significant given the various uncertainties.

A similar comparison between low resolution core mass per unit areaand DN50 was made
using the same DN50 bins. The comparison is represented in Figure 3-31. The relationship
covering the three DN50 groups in Figure 3-31 matches the results seen in Figure 3-30 almost
exactly. This would be expected since so much of the PCB inventory is located in the shallow
sediments as measured by the top core segments. The figure also reveals an approximate seven-
fold increasein mean and median PCB inventory acrossthe DN50 value of 60. Thisresult implies
that the side-scan sonar images can be used to estimate both shallow sediment PCB concentrations

and sediment PCB inventories.

Asapart of the DEIR, areas covered by the side-scan sonar images and interpreted as fine-
grained sediments were considered to be areas of potentially high PCB contamination. This
association was based on the interpretation of the 1984 sediment PCB data. The low resolution
core data set supports this interpretation of the side-scan sonar images by again demonstrating a
statistically significant correspondence between the image dataand amore current sediment PCB

inventory.

3.4 Summary of Chapter 3

This chapter hasfocused on the interpretation of the low resolution coresin the context of
the conclusions from the high resolution cores presented in the DEIR (TAMSet al., 1997). In this
perspective, the results of the low resolution cores confirm the relationship between the changesin
molecular weight relative to Aroclor 1242 (DMW) and the molar ratio of the sum of BZ#1, 4, 8,
10, and 19 to the total sample (MDPR). Confirmation of this relationship also confirms the
occurrence of meta- and para-dechlorination and the absence of ortho-chlorine loss in the
sediments. This represents an important confirmation since the low resolution cores can be
considered more spatially representative of Upper Hudson conditions, thereby showing the
consistency of the dechlorination processin the Upper Hudson. Thisconfirmation also meansthat

the DMW term can be used as a surrogate for the estimation of mass loss by this process.
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Thelow resolution coresyielded asimilar average degree of dechlorination (DMW =0.10)
to that obtained from the high resolution cores (DMW = 0.08). Given that the low resolution core
sites are focused on some of the most contaminated areas of the Upper Hudson and yet only an
average massloss of 12 percent (DMW = 0.10) has occurred, it can beinferred that the rest of the
Hudson has experienced an average mass|oss of lessthan ten percent due to dechlorination, aswas

concluded from the high resolution cores.

Thelow resolution cores a so showed that the degree of dechlorination in the sedimentswas
proportional to the level of contamination. However, these results could only be shown to be
consistent with the high resolution cores results and could not confirm the results due to factors
inherent in the “vibra-coring” sample collection procedures and the sample homogenization

process. Nonethel ess, this consistency between programsis still an important result.

A close examination of the correlation between PCB concentration and the degree of
dechlorination showed that the low resolution cores achieved an apparent degree of dechlorination
equivalent to ahigh resolution sediment core at 3.5 timesthe low resolution core sampletotal PCB
concentration. However, this 3.5-fold increase in response was attributed to the homogenization
process wherein concentrated sediment layers would be mixed with low-level sediment layers,
effectively lowering the measured concentration but leaving the degree of dechlorination in the
concentrated layer intact. Thiswasdemonstrated by cal culating this effect with the high resolution

core results which yielded a similar shift in response.

Potentially cross-contaminated samples were ferreted out using the *'Cs measurement at
the core bottom and the PCB profile in the core to highlight those core segments most at risk for
this problem. After screening the original 371 samples, 229 samples were kept to finalize the
DMW to total PCB relationship for the low resolution cores. Cross-contamination was an
important issue in this chapter because of its differing effects on PCB mass and PCB ratios. The
level of cross-contamination found in the cores will not represent a significant issue for the
sediment-massinventory estimates presented in the next chapter since the actual mass represented

in the potentially cross-contaminated segmentsis so small.
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The geometric mean total PCB concentration for the final data set of 229 sampleswas 30.8
mg/kg with a DMW of 0.10 and an MDPR of 0.54.

A large number of ancillary parameters were examined for potential correlation with total
PCBs, DMW, and MDPR. Most parametersthat could be related in some fashion to total organic
carbon or silt content were found to exhibit some correlation with total PCB concentration. By and
large, no strong correlations (i.e., |r| > 0.8) were seen, although some were better than others.
Among these, percent solids and bulk density had the strongest correlation coefficients (R =-0.72
and R =-0.61, respectively; Table 3-8) on log-transformed, length-averaged PCB concentrations.

Weak but anticipated rel ationships were also found with percent silt, median phi (f ), and
principal sediment class when compared to individual PCB sample results on alog-transformed
basis. Percent solids, solid specific weight and bulk density were the most highly correlated
parametersfor this comparison. Several individual grain-size parameterswhich represented the silt
fraction of the sediment, specifically phi 4.5 to phi 6.5, exhibited the strongest correlations among
the grain size parameters (0.41 to 0.47) and shallow sediment PCB levels. The TOC plus TKN data
set was limited but yielded aweak correlation between total PCBs and both TOC and TKN across
all depths. In addition, aweak but notabl e correlation was seen between the C/N ratio and DMW.
This suggests that maximum dechlorination occursin wood-bearing layers, although acorrelation
between C/N and the visual presence of wood chips was not apparent (Section 2.3). Most likely,
these layers represent highly concentrated, wood chip bearing sediments produced by the Fort
Edward Dam removal in 1973 and the subsequent washout of the channel sedimentsin 1974 to
1976. Evidence of wood chips in Hudson River sediments was extensively noted by NY SDEC
during the 1976-1978 surveys (Normandeau, 1977, Tofflemire and Quinn, 1979). In addition, Bopp
et al., 1985, noted the presence of high PCB concentrations and woody material in Hudson River

sediments.

Theradionuclide 'Be was somewhat predictive, with ‘Be-bearing cores having statistically
higher PCB levels than cores without ‘Be. Presumably the ‘Be marks areas of recent deposition
while the absence of ‘Be indicates areas that are likely to experience scour and subsequent PCB
loss. Surficial (0 to 1-inch) *'Cs showed a stronger positive correlation (r = 0.48) with PCBs,

137

although still not predictive. The fairly strong correlation between total PCBs and ~'Cs was
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expected given the affinity of both analytesfor fine-grained sediment and the thick low resolution
core segments that served to integrate their different deposition histories. Shallow sediments
correlated better than the core inventory (PCB/unit area) (r = 0.34), as might be expected since

137

most of the PCBs, and probably most of the ™ Cs, was found in this layer.

“'Cs also correlated with DMW, albeit weakly (r = 0.36). Itislikely that the correlation
between “'Cs and DMW is simply the result of each parameter’s correlation with total PCBs.
Similar weak correlations were found for many of the ancillary parameters. None had the level of

correlation exhibited among the PCB parameters themselves.

The last part of the chapter explored the relationship between the side-scan sonar images
expressed asadigital value (DN50) and thelow resolution coreresults. The DN50 values showed
similar correlations to the Laser grain-size distribution parameters for shallow sediment when
compared to the confirmatory sediment samples originally used to interpret the side-scan sonar
images. Most regression coefficients (r) for DN50 and the low resolution grain-size distribution
parameters decreased rel ative to the confirmatory sampleresults. Theweakened correlationswere
attributed a number of factors, with the confirmatory samples considered more representative of

the surface sediments mapped by the side-scan sonar.

The strongest correlation for DN50 and grain-size distribution parameters were seen for
mean phi (f ), median diameter (d[50], and percent silt plus clay). Thefirst two parameters both
track the center of the grain-size distribution on alog basisinferring that theimages arerelated to
the general sediment texture as expected. Other diameter measures, near the center of the grain-
size distribution (e.g., d(40) and d(70) were similarly correlated with the DN50. The percent silt
and clay tracked the proportion of fine-grained material and was inversely proportional to the
DN50 as expected.

The classified side-scan sonar image areas (e.g., fine sediment), were found to match the
principal sediment fraction (e.g., silt) very well for silt and medium-sand (85 percent accuracy or
better). The samples classified with a principal fraction of fine-sand straddled the two side-scan
sonar classifications of fine sediment and coarse sediment. However, thiswas consistent with the

mapping approach since a DN50 value of about 50 to 60 was generally used as aboundary between
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the two sonar classifications. Thisrange of DN50 values also fell within the middle of the DN50
values for fine-sand so that splitting of the samples between the two classifications would be
expected. Taken together, theseresultsall confirmed the ability of the side-scan sonar imagesand

interpretation to characterize sediments on a coarse/fine basis for the entire survey area.

A regression was performed on the DN50 and the mean phi as was done with the
confirmatory samplesin the DEIR. Thelow resolution core regression relationship was similar but
not identical to the previousregression. Thiswas attributed to two factors, the greater depth of the
top low resolution core segments and the lesser number of low resolution core samples with
relatively coarse sediments. Thusthe low resolution core results were considered to be consistent
with the previous work in this regard but could not be used to confirm the previously measured

trend.

Lastly, the relation between DN50 and PCB concentration was examined. The prior
examination completed for the DEIR showed higher PCB levels at low DN50 values. The results
from the 1984 survey, as analyzed in the DEIR, showed afive- to ten-fold increase in total PCB
concentration for sediments with DN50 less than 60 rel ative to those with DN50s greater than 60.
The low resolution cores confirmed this result quite well with a seven-fold increase between the
finer sediments (DN50 < 60) and the coarser sediment (DN50 > 60). A similar increase based on
the DN50 threshold value of 60 was noted for the sediment PCB inventory as mass per unit area.

Theseresults verify the useful ness of the side-scan sonar imagesfor both the classification
of sediment types aswell asfor theidentification of areas of potentially high PCB contamination
(greater than 50 ppm). In total, the low resolution coring results support conclusions of the
previous Phase 2 investigations and interpretations. The correlations seen among the various|ow
resolution core parameters are consistent with those seen earlier and affirm the application of the

previous study conclusions to the entire Upper Hudson.
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4.  ANEXAMINATION OF HUDSON RIVER SEDIMENT PCB

INVENTORIES. PAST AND PRESENT

A magjor goa of the low resolution sediment coring program was the estimation of
sediment inventoriesin the areas of study. In this chapter, sediment inventories estimated from the low
resolution cores are compared with historical studiesof the sediments conducted by NY SDECin 1976
t0 1978 and 1984. Inthe Tl Pooal, low resolution coresresults are compared on a point-by-point basis
with the NY SDEC 1984 results. Below the TI Dam, low resolution core results are compared on a
gpatial basis with the 1976-1978 NY SDEC hot spot inventories. This chapter also contains a
discussion of the near-shore sample results and compares them with the 1984 NY SDEC samples
collected from the same region of theriver. Thelast section of the chapter provides asummary of the

analysis presented.

4.1 Sediment Inventories of the Thompson Island Pool

The Tl Pool has been the subject of several large sediment surveys, each of which attempted to
map sediment PCB inventories and areas of concentrated contamination. In 1976 to 1978, the first
major survey of the Tl Pool and the Upper Hudson was completed by NYSDEC. This survey was
used to identify forty areas of highly contaminated sediments (hot spots), twenty of which were
located inthe T Pool. 1n 1984, NY SDEC compl eted a second, more intensive survey of the T1 Pool.
On the basis of this survey, NYSDEC (Brown et al., 1988) and Macolm Pirnie (MPI, 1992)

identified areas or polygons of elevated sediment contamination.

Because of the scale and coverage of the 1984 survey, it has been considered abenchmark in
attempting to assess and understand sediment PCB inventoriesin the Upper Hudson. Asapart of the
Phase 2 investigation, the low resolution coring program was intended to assess the applicability of
the 1984 survey to recent PCB inventories. This was to be accomplished by reoccupying selected
1984 sampling locations and collecting new cores to form a basis for comparison. Asdiscussed in
Chapter 2, the low resolution coring program was quite successful in reoccupying these sites. This

section compares in detail the 1984 and 1994 surveys and discusses the ramifications.
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PCB loss or gain from the sediment can take many forms. Scour, diffusion, groundwater
advection, and biological activity can all potentially remove PCBsfrom agivenlocation. Biological
activity in the form of anaerobic microbial dechlorination can aso serve to decrease PCB
concentration in the sediments. PCB inventories can be increased chiefly by deposition, either with
sediment contaminated by newly released PCBs or with redeposited sediments from other
contaminated locations. Up until 1997 when GE brought nearly all PCB discharge from the Hudson
Fallsfacility under contral, it islikely that sediment deposition involved both fresh and redeposited
material (General Electric Corp., 1991-1997). Tracing and estimating all of the various fluxes
represent adaunting task made all the more difficult by inherent spatial and temporal variations. The
low resol ution coring program provided an aternate means of assessing these fluxes by using the PCB

inventories found in the sediments to explain removal and deposition processes.

In the TI Pool, 63 sites originally sampled in 1984 were selected and reoccupied in 1994,
providing a ten-year period of integration. The premise for analysis is then, has the sediment
inventory of PCBsincreased or decreased during the intervening ten years? Whilethe premiseitself
is smple enough, there was concern that sediment heterogeneity, differing sedimentation rates,
analytica technique differences, and other issues would confound the ability to discern true changesin

the sediment inventory.

Concern over sediment heterogeneity factored directly into the low resolution site selections.
Coring sites were selected in clusters of similar concentration and sediment texture in an attempt to
minimize sediment heterogeneity of the sampling areas. Concern over differing sedimentation rates
was addressed by individually assessing each core for completeness viathe use of ***Cs (Chapter 2).

Analytical techniques were extensively reviewed to assess differences, as discussed below.

Before assessing changes in sediment inventory from 1984 to 1994, it was first necessary to
establish acommon measurement basisfor comparison. Because of concern over differing deposition
rates and variations in core segment intervals, cores were integrated over their lengthsto yield mass

per unit area (MPA) estimates as well as length-weighed averages (LWA).
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The MPA was calculated as follows:

- n % 6 e .2
MpAZL 0= 8 ¢ B8 O o+ sow f2ow & B9, 19 gq,omg
em

g & &Kgow B & cc 5 1000g 1000mg & mg (4.1-1)
where G = the PCB concentration in the core segment in mg/kg dry weight (ppm)
Li = the length of the core segment incm
SSW, = the mass of dry solids per unit wet core volumein M
cc
n = number of core segments analyzed for PCBs
The LWA was calculated as follows:
4
a Ci * |_|
LWA = '2181— (4.1-2)
ali

where C; and L; are defined as above. The number of core segmentsin this calculation (m) may bethe
same or lessthan the total number of segmentsanalyzed for PCBs (n) above. Thisdistinctionismade
because LWA is most useful over the interval of recent sediments, rather than over the entire core
length since a core may contain a considerable thickness of pre-1954 sediment. The selection of
segments was based on each individual core profile. When the difference in PCB concentration
between two adjacent segments was geater than an order of magnitude with the upper segment
containing the higher concentration, the lower segment and all segmentsbelow it were excluded from
the LWA.

Both parameters (MPA and LWA) can provide someinsight concerning the changein sediment
inventory from 1984 to 1994. The MPA providesthe moreintuitive interpretation. Itsinterpretation
requires no knowledge of sediment depth so long as cores are considered complete or nearly
complete. However, the inclusion of the solid specific weight (SSW) in the cal cul ation adds another
level of uncertainty to the parameter. Estimation of the solid specific weight for the 1984 survey was
discussed extensively in the DEIR (TAMS et al., 1997). The mean SSW value obtained for the low
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resolution core segmentsin the T1 Pool (1.09 g/cc) compares well with the mean value of the 1984
core segments (1.06 g/cc) but the comparison of the shallow (top-most) core segments shows a
difference of about 10 percent (1.05 g/cc for 1994 vs0.92 g/cc for 1984). Thisdifferencewouldyield
ahigher mass per unit area (by 10 percent) for the 1994 core given identical sediment concentrations.
Lacking any basis on which to correct or select the SSW data means that this uncertainty must be

incorporated into the MPA comparison.

The LWA concentration avoids this issue since SSW is not involved. However, the LWA
adds a different uncertainty since core length has a direct bearing on itsvalue. It is possible for two
cores to have identical LWA but represent very different inventories smply on the basis of their
length. Nonetheless, because of the general consistency of core lengthsin both programs (roughly 15
to 30 inches), the length-weighted average provides an alternate basis for evaluating the changein
sediment inventory. In the subsequent discussions, the MPA will be used primarily athough
information on LWA will also be provided.

Establishing a coreintegration scheme was only part of the basis needed to compare the 1984
and 1994 (Phase 2) survey resultsfor PCBs. A second issueregarding analytical techniques had to be
resolved before a direct comparison could be made. Specifically, analytical techniques for PCB
quantitation had changed markedly both in congener resolution and on a sample reporting basis
between 1984 and 1994. In particular, the 1984 data were quantitated and reported on an Aroclor,

rather than congener-specific basis.

Three Aroclor results, representing Aroclors 1242, 1254, and 1260, were used in estimating
thetotal PCB of thesample by their sample sum. (Brown et al., 1988; TAMSet al., 1997). The 1994
datawere based on congener-specific standards, with no inherent tie to any Aroclor. Hence, the total

PCB concentration by the Phase 2 method represents atrue total.

As part of the Phase 2 investigation, a study was made of the differences between the two
techniques. Thisis documented in Appendix E, which describes the quantitation issues relating the
1994 Phase 2 and 1984 NY SDEC PCB data. The recommendation of this analysis was to use the
1984 quantitation of total PCB as representative of the sum of congeners in the trichloro through

decachloro homol ogue groups after applying the following corrections:
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S Trichloro to Decachloro homologues (mg/kg) = 0.934 x 1984 Total PCB Concentration (mg/kg)

(4.1-3)

During review of this analysis while preparing Appendix E, the correction factor was refined to
0.944. That value differs from the value actually used in the body of this report (0.934), but the one
percent correction is minor and does not affect the comparison between 1984 and 1994 Thompson

Island Pool inventories or the conclusions drawn from this comparison.

These results can then be compared with the same sum based on the low resolution core
analyses. Thisinterpretation of the 1984 PCB data also indicates that the 1984 analyses would have
ignored the lightest congeners and so cannot yield any information on dechlorination. Both the
trichloro to decachloro homologue sum and the total PCB vaue are used in the subsequent
discussions. Emphasisis placed on the trichloro to decachloro homologue sum, however. From this

point in the discussion, the trichloro to decachloro homologue sum is represented by STri+.

Before beginning the analysis of the core data, it is useful to see the coring locations in the
context of the river sediment classifications. Plate 4-1 is akey map to the locations of Plates 4-2 to
4-9. These plates consist of side-scan sonar images on which theriver sediment properties have been
mapped. In addition, each coring siteis denoted along with the 1984 and 1994 MPA and LWA values.
The 1984 values are located to the left of each core marker. The 1994 values are located to the right.
Similarly, the LWA values are located above each marker and the MPA values are located below.
Symbolsfor both the 1984 (solid circle) and 1994 (hollow circle) samples show the close agreement
of the paired survey locations. The core symbols are also scaled according to the MPA value,
providing a visual clue to the size of the inventory at a given location. The symbols also provide
information on the extent of change at alocation. Thelarger the differencein the circles, thegreater the
inventory change. The sediment classifications as derived from the side-scan sonar analysisare also
shown on the map along the sedimentological boundaries. Evident in these figures are the genera
trends of masslossat amgjority of sitesaswell asthe association of the greatest inventoriesin areas
of fine-grained sediment.

A second set of plates provides more direct information concerning sediment inventory

changeson amassbasis. Plate 4-10 isthe key location map to Plates 4-11 to 4-19. These plates cover
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the same areas as Plates 4-2 to 4-9 but they present only one circle per sampling site. Thissymbol is
scaled to the absolute differencein total PCB inventory (MPA) between the 1984 and 1994 surveys. In
additi on, the percent change between the two surveysis given numerically at the upper right of each
symbol. The percent change (Delta) was calculated for each coring site as follows:

D = EEMPAM = MPAsO o 100% (4.1-4)

& MPA: o
Thus Delta is the absolute difference in total PCB inventory divided by the original 1984

inventory. Note that in Plates 42 to 419, all numbers for 1984 reflect the reported total PCB

concentrations and were not corrected to STri+ as discussed above. The corrected data will be

presented and discussed later in this section.

Calculation of Deltarequiresapair of NY SDEC and low resol ution core results. Sixty-four of
the 76 coring locations in the T Pool had an associated NY SDEC core or grab. Four of these
locations had grab sampleswhich were only screened viaa GC/M S technique which did not provide
an absolute measure of contamination (see Brown, et al. 1988 and TAMS, et al., 1997). An estimate
of thelevel of contamination for these sampleswas assigned as part of the kriging analysis presented
in TAMS, et al. (1997) but these values are not used here dueto their large uncertainty. Thisleft just
sixty locationswhere it was possible to compare PCB quantitation directly. Of the sixty locations 45

were cores and 15 were grab samples.

In assessing sediment inventory changes, coresare preferable to grabs since the actual depth of
asediment sampleisknown. The depth associated with agrab sampleisnot well known. In addition,
the grab samples were extrapolated to a depth beyond their expected penetration in an attempt to
represent all PCB contamination at the location. This approach is generally acceptable when
averaging large areas together to assess inventory on an average basis but it is not as useful on an
individual sample basis. Thelack of good depth control addsto the uncertainty associated with coreto
grab comparisons. Nonetheless, the core-grab pairs can still provide some useful information on the

change in sediment inventory.
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4.1.1 A Comparison of 1984 and 1994 Conditions

Asafirst stepin ng the difference between the 1984 and 1994 conditions, the individual
core and core-grab pair profileswere compared. Appendix C containsdiagramsfor all low resolution
cores collected inthe TI Pool. Also shown on these diagrams are the profilesfor the associated 1984
NY SDEC core or grab sample when available. Figure 4-1 contains several example profilesof cores
from the TI Pool. In assessing the core profiles, the mgor concern was the change in sediment
inventory from 1984 to 1994. Differences in dlicing intervals between 1984 and 1994 were
considered, so that the comparable thicknesses were compared. The sediment core classifications
were not meant to be the final assessment on inventory change but were an attempt to examine the
profiles in detail, rather than ssmply rely on the mathematical integration of the results. Cores were
classified asto apparent inventory loss, represented by lower PCB concentrationsaswell astypically
shallower contaminated profiles. Cores exhibiting inventory gain were characterized with higher
sediment concentrations as well as deeper profiles. Some cores appeared to exhibit little change and
were classified assuch. Lastly, two coreswere unclassified dueto incomplete profiles. Table4-1is

alist of the classified cores.

To alarge degree, the interpretation of these coreswas based on the profiles obtained during
the high resolution coring work. Specificaly, a core site undergoing steady deposition and burial
would look similar to a high resolution core, allowing for thicker dices. Thiswould be expected to
generate the profile seen for core 5D in Figure 4-1. This can be compared to the high resolution core

shape seen in Figure 4-2, representing core 19 collected near the TI Dam.

The reasons for the apparent changes in inventory between 1984 and 1994 were not always
readily apparent. Sediment inventory losses could result from several processes as discussed
previously. Sediment inventory gains presumably result from additional deposition at the coring site
since 1984. Sediment heterogeneity, although minimized by the sampling site selection and collection
process, was certainly a factor in yielding apparent changes in some cores. In alimited number of
cores, however, there was enough information contained in the core profiles to definitively suggest
sediment scour. In these instances, both the NY SDEC and the low resolution cores contained enough
dicing intervals so asto indicate the depth of recent contamination at thetime of collection. When the

low resolution core had a substantively shallower recent sediment profile than the earlier NY SDEC
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core, it was classified as exhibiting scour. The underlying assumption hereisthat the gpparent upward
movement in the sediment profileisthe result of removal of the overlying layers by scour sinceit is
unlikely that any other process could move PCB contaminati on from deeper layers and completely
purge the deeper layersin the process. Of the 30 core sites where mass loss was evident, 8 profiles
contained enough information to suggest scour as the mechanism for mass loss. Figure 4-3 shows a
clear case of sediment scour at two of these sites. In both these cores, the absence of *'Csin the
bottom-most layer provides the basis for the conclusion that no undetected PCBs remain below the
1992 core and thus that the sediment profile has become shorter over time, implicating scour as the

remova mechanism.

After classifying the coresin this manner, the classifications were compared to the integrated
core results as shown in Figure 4-4. Thisdiagram represents the mass per unit area (MPA) estimates
for total PCBsfor the 1984 and 1994 site pairs. Siteswith unchanged inventorieswould fall along the
diagonal line through the center of the diagram. As can be seen inthefigure, few pointsfall very close
totheline. Note aswell that the axes are log-scale. Nonethel ess, d so evident inthe diagramisgeneral
agreement of the visual core classifications and the absol ute core inventories. Core pairs showing loss
fall below theline and vice versa, as expected. It isalso apparent in thisdiagram, that the mgjority of
pointsfall below the diagonal line, indicating agreater number of siteswith inventory loss than gain.

The discussions to follow will attempt to resolve the significance and cause of this trend.

Figure 4-5 contains a second representation of this data set. In the upper half of thefigure, the
1984 and 1994 total PCB M PA values are graphed against each other. Also shownisthe diagonal line
mentioned previously as well as aregression line fit to the data. The data do not provide a linear
representation but the trend is statistically significant and suggests that PCB inventory loss occurs
more frequently at higher inventories. Also shown in Figure 4-5isthe MPA for just the trichloro and
higher homologues (STri+). Inthisinstance, the 1984 trichloro and higher homologue concentrations
are substantially higher than those for 1994, indicating extensive loss of those homologues from the
sediment.

This loss becomes even more striking when the loss itself is plotted against the MPA for
STri+ for 1984. Thisis shown in the upper diagram of Figure 4-6. Evident in this plot is a linear
relationship between STri+ mass loss and the original STri+ inventory. This should be contrasted
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with thelower diagram in the figure which showsthe rel ationship for the total PCB mass|oss against
the 1984 STri+ inventory. The MPA for the STri+ will be written as MPA, for the remainder of this

section. These diagrams, as well as those of Figure 4-5, show that the total sediment inventory does
appear to decline but not nearly in the manner seen for the STri+ between 1984 and 1994. Part of the
"goodness of fit" seen in the top diagram of Figure 4-6 stemsfrom the presence of the STri+ termin

the variables on both axes. Thus, errorsin STri+ tend to be correlated and an overestimate of the
degree of correlation is obtained. Nonetheless, there is a difference between the two diagrams in

Figure 4-6. The MPA;, loss consistently increases with increasing 1984 MPA..while total mass
inventory (MPA) shows a less consistent trend, with many sites exhibiting inventory increases. This
suggeststhat some of the loss seen in Figure 4-6 resultsfrom dechlorination, wherethelossof STri+

would not yield an extensive loss of mass. Rather this process serves to convert the congeners
represented in the STri+ to lighter congeners, specifically BZ# 1, 4, 8, 10, and 19. In this process,

PCB moles are largely conserved while the PCB mass of the entire mixture can decline up to 26
percent. Aswas discussed in Chapter 3, no sampleswere found indicating PCB mass |oss beyond 24
percent in the low resolution sediment cores based on the change in molecular weight relative to
Aroclor 1242 (DMW) (Figure 3-3). Thusthe differences seen in the two diagrams represent the same
processes in different ways. The plot of change in MPA. vs the 1984 MPA., tracks the combined
effects of dechlorination and PCB lossto the overlying water column since both processes can lower
the STri+ inventory to essentially zero. The plot of changein total PCBs as MPA vs 1984 MPA.. is
much less sensitive to the dechlorination process since this process can only lower the total PCB

inventory by 26 percent as opposed to loss to the water column which can potentially reduce the

inventory to zero.

The differencein these processes and their effects on the sediment inventory can be seen more
readily in log scale as shown in Figure 4-7. In the upper diagram, the lossin MPA,, vs the 1984
MPA.. is plotted. The diagram shows that the majority of STri+ loss from the sediment isrelatively
minor in magnitude although nearly al samplesexhibit someloss. This suggeststhat either no sediment
PCB inventories have increased or else that increased inventories (presumably by deposition) were
subsequently dechlorinated, resulting in no net increasein the STri+ inventory. Thelatter scenariois
supported by the lower diagram in Figure 47. This diagram shows the change in the total PCB
inventory (MPA) vsthe 1984 MPA, In thisdiagram, both positive and negative inventory changesare
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evident, indicating that some locations have seen gain despite their decreasein STri+. Note aswell

that the level of gains are in some cases similar in scale to the larger losses.

Since PCB moles are largely conserved by dechlorination and lost by re-rel ease to the water
column, it should be possible to separate this process by tracking the PCBs on a molar basis. This
requires an estimate of PCB molar inventory for both 1984 and 1994. The mole concentrations and
moles per unit area can be calculated directly from the 1994 data set since it is congener specific.

Calculation of the moles present in 1984 is alittle less straightforward.

Knowing that the 1984 measurements represent the mass of STri+, what is needed is an
estimate of the mean molecular weight of thisfraction at the time of sediment deposition to permit the
calculation of the moles present at the time. This can be estimated in two ways. First, the mean
molecular weight of the STri+ fraction can be obtained from Aroclor 1242 directly sincethe congener
composition of Aroclor 1242 was measured as part of the Phase 2 investigation. Based on this
analysis, amean molecular weight of 275 grams per mole (g/mole) is obtained for the STri+ fraction.
Alternatively, thisvalue can be estimated from the recently deposited sediments of the high resolution
cores. Figure 4-8 shows the relationship between the mean molecular weight for the STri+ fraction
and the DMW of the sample for the entire set of Upper Hudson high resolution core samples. Also
plotted on the diagram are the results for the low resolution cores, athough these are not used in the
regression. Given that dechlorination isrestricted to the sediments, it islikely that depositing sediment
will be similar to Aroclor 1242 in molecular weight since this was the major form of PCB released.
That water column contamination was derived from Aroclor 1242 or its altered form in the sediments
was demonstrated in the DEIR (TAMS, et al., 1997). In fact, because of the nature of PCB
partitioning, suspended matter appears more Aroclor 1242-like than the associated whole water
sample, even when the water column load is highly altered. Thus extrapol ating the trend of molecular
weight for STri+ vs DMW back to a value for DMW of zero yields an alternate estimate for the
molecular weight at the time of deposition. Asshown in Figure 4-8, aregression line through the high
resolution core data yields a value of 281 g/mole for the molecular weight at a DMW of zero.
Alternatively, the high resolution core data themselves appear to cross the DMW value of zero at
roughly 282 to 285 g/mole, providing athird estimate. Note in the diagram that few samples exceed
the value of 285 g/mole, suggesting this may be close to the actual molecular weight at time of

deposition. The range of molecular weights based on these three valuesis 275 to 285 g/mole, or less
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than a4 percent range. Thus the choice of any of these will have little effect on the mole estimates.
The vaue obtained from the zero intercept of the curvein Figure 4-8, i.e., 281 g/molewas used asthe

molecular weight estimate for STri+ at the time of deposition.

Having amolecular weight estimate for the PCBsin sedimentsin 1984, the change in mole
content of the sediments can be calculated using a few additional assumptions. Since the 1984
measurements best describe the STri+ inventory, no additional data are available to define the
concentration of lighter congeners. Changesin moles between 1984 and 1994 must then be constrained
to only the PCB molecules measured in 1984, i.e., thetrichloro and higher homologues. However, in
1994, not al of the molecules present astrichloro and higher homologueswill till beintheir original
form. Many will have been dechlorinated during their residence in the sediments and converted to the
congeners BZ#1,4,8,10 and 19. Thusto completely account for the original STri+ molecules, the 1994
mole tally must include the current inventory of STri+ as well as the dechlorination product
congeners. However, the occurrence of lighter congeners in the sediment in 1984 would also be
included inthemoletally for 1994 if the congenersare still present in the sediment at the time of low
resolution core collection. Since no information is available to constrain the estimate of lighter
congeners, their contribution to the current sediment inventory cannot be calculated and will be
assumed to be zero. Thisclearly represents an underestimation but it will serveto provideaminimum
estimate or lower bound on the number of moles|ost from the sediment between the 1984 and 1994

sediment surveys.

It should be noted here that the STri+ sum for the 1994 sediment samples represents all
trichloro and higher congeners excluding BZ#19. This was done to separate the dechlorination
products from those potentially alterable. This difference could not be made for the 1984 sediments
since no congener specific datawere available. This represents aminor error if the sediments were
unaltered since BZ#19 is less than afew percent in Aroclor 1242. If the sedimentswere extensively
altered, thiserror smply becomes part of thelarger uncertainty associated with the assumption that no

lighter congeners were present. In any event, theresult is still aminimum estimate for the moles|lost.

Therange of molelossand therange of lossin STri+ asMPA;, lossinmolesisrepresented in
Figure 4-9. Thisfigure shows the definitive lossin the STri+ relative to the mole differences which

are centered more closely to zero. When the 60 |ow resolution core/1984 core and grab pairs were
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considered asawhole, the distribution for the mass change was found to be statistically different from
zero while the molar change was not. This figure again demonstrates that loss in STri+ does not

directly correspond to lossin PCB moles.

These results are presented graphically on Plate 4-20 aswell. This plateisamap of the Tl
Pool showing the coring locations considered in this analysis. At each matched coring location, a
circleis plotted whose diameter is proportional to the change in the STri+ mass due solely to molar
loss or gain. Red circles indicate loss while black circles indicate gain. Losses represented on this
map are exclusive of dechlorination and instead represent sites exhibiting masslossto the overlying
water column via one or more transport mechanisms. Gains are presumably due to post-1984
deposition. The distribution of red and black circles on Plate 4-20 show some areas to be
experiencing consistent losses (e.g. hot spots 10 and 16), othersgains (e.g. northern end of hot 5ot 8)
while most exhibit amixture of losses and gains. Overall there are more | ocations exhibiting loss than
gain. The next section of this report examines the relationships within the data to aid in the

understanding of the distribution of losses and gains seen in Plate 4-20.

4.1.2 Assessment of Sediment I nventory Change Based on theOriginal 1984 STri+ Sediment

Inventory

With the measures of sediment inventory (MPA and MPA..) and the estimates of molar content,
it ispossibleto assessthe changesin the sediment inventories due to PCB loss or gain from the water
column as well as to dechlorination. The goa of the anaysis presented here is to find useful
groupings of the datawhich can provide abasisfor applying the low resolution coreresultsto larger
areas of the Tl Pool. As afirst step, the PCB mass and PCB molar differences were compared
statistically. The results were grouped based on the 1984 STri+ sediment inventories (MPA.,).
Specifically, the data were grouped into cores from areas less than 10 g/nt and greater than 10 g/n.
Thereweretoo few samplesin thelower concentrationsto further subdivide the groups without losing
much of the statistical power of thetests. The selection of this split point was based on theregression
line shown in Figure 4-5 which crosses the diagonal near thisvalue. A valueof 10 g/nfisgenerally
characteritic of the more contaminated sediments of the Upper Hudson. The length-wei ghted average
concentration corresponding to 10 g/nt isapproximately 12 mg/kg. Peak concentrationsfor these cores
are 50 mg/kg. Thus the greater-than-10-g/nt group corresponds to sediments typically found in hot
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gpot areas. To assess these differences, the results were compared on both the absolute differencein

inventory aswell asarelative difference. Therelative differencefor MPA was calculated asfollows:

1994 MPA - 1984 MPA,

(4.1-5)
Decs 1984 MPA,
where: Dpcg  istheréelative or fractional change in mass per unit area (Deltapcg)
1994 MPA isthetotal PCB mass per unit area, for 1994 results; and
1984 MPA 3, isthe STri+ mass per unit areafor 1984 results.
The relative difference for the molar inventory was similarly calculated as:
1994 Total Moles 1984 STri+ Moles
2 2
_ m m )
D 1984 STri+ Moles 19
2
m

where: Dy isthe relative or fractional change in moles per unit area (Deltay)
1994 Total Moles/n? isthemolar sum of thetrichloro and higher homologues plus the moles
of BZ# 1, 4, 8, 10, and 19 on a unit area bas's; and
1984 STri+ moles/nt isthe molar sum of thetrichloro and higher homologues on aunit area

basis.

Thedetafunctionisnot anormally distributed one as can be seeninthefirst diagramin Figure
4-10. Specifically, the loss range is between 0 and 1 while the gain can range to infinity. The
log-transform of this data helps to remove some of the skew but it is still not normal. Since a
log-transform of a negative number is not defined, avalue of 2 was added to all Deltaresults before
performing the log transform. Although the log-transformed dataare still not norma, thedistributionis
sufficiently closeto normal to permit to the use of parametric tests to assess change. Non-parametric

tests will be used to confirm the statistical significance determined from the parametric tests.

Thefirst analysis presented for the >10 g/n?, <10 g/n? MPA datagrouping isshown in Figure
4-11. This figure shows the distributions for the absolute difference in molar inventory for the two
groups. Declinesin thisinventory represent molecular loss from the sediment, indicating PCB release
from the sediment to the overlying water, or could result from destruction of PCBs. Increases suggest
additional deposition of PCB-bearing sediments. Evident in the figure is the extensive overlap

between the two groups. Thisoverlap is confirmed by the Tukey-Kramer circles shown ontheright of
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the figure. Statistically significant differences between groups are indicated when the circles are
separate or touch only dightly. In this instance, the circles indicate that these groups are not
significantly different for the molar inventory change. This analysis indicates no trend in absolute
molar inventory change with 1984 PCB sediment inventory. Further explanation of the Tukey-Kramer
circles can be found in the key sheets to Appendix F. A definition of the Tukey Kramer honestly

significant difference (HSD) on which these circles are based is given the glossary.

In Figure 4-12, the absol ute mass change is examined as afunction of these two groups. Again
the groups show substantive overlap which is confirmed by the Tukey-Kramer circles. Thisanalysis
alsoindicatesthe absence of atrend in absolute mass difference with 1984 PCB sediment inventory.
It should be noted in the data represented in both Figure 4-11 and 4-12 that, athough the two groups
were not statistically different from each other, the >10 g/n? was statistically less than zero,

confirming the occurrence of net PCB |oss from the sediment for this group.

Examining the differencesin PCB inventory on an absolute basiswas not particularly fruitful,
in part because the magnitude of the PCB change can represent both analytical variability aswell as
real change. By examining the relative changesin inventory using the deltafunctions described above,
much of the analytical variability can be diminished in importance relative to real change since
analytical variability is typically small relative to the absolute measurement values. Figure 4-13
presents the analysis for the relative change in molar inventory (Deltay) as a function of the two

inventory groups. Note that the results are based on the function:

log(Deltay + 2)

sincethelog of valueslessthan or equal to zero isundefined. In thisanalysis, the groups are found to
be statistically different, with sediments>10 g/nt exhibiting alarge relative loss of approximately 28

percent.

Thisresult indicatesthat on average, higher concentration sediments have shown asubstantive,
statistically significant |oss which cannot be accounted for by dechlorination. While the mechanism(s)
responsible for this loss are not known, some cores clearly suggest scour as a possible loss

mechanism. Other transport processes may aso be important, such as preferential flux from the
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sedimentsto water column of monochlorobiphenyl and dichlorobiphenyl dechlorination products, as
suggested by the seasonal PCB release patterns noted in recent GE water column data. Most
importantly, though is the clear loss of PCB molecules from sediments of higher inventories,

presumably to the water column. Thisresult confirmsthefindings of the DEIR wherein water column
PCB contamination was shown to originate within the Tl Pool. The analysis presented documents a
likely candidate for this source, i.e., the sediments of relatively higher contamination. Thisisnot to
suggest that al Upper Hudson water column contamination is associated with the Tl Pool sediments.
Aswill be shown later in this report, sediments below the TI Dam also show PCB loss. Thisisalso
consistent with the DEIR which indicated the presence of additional PCB input to the water column
downstream of the T Dam during a spring sampling event (Transect 3) and possibly during summer

sampling as well.

This analysis also indicated the occurrence of anet inventory gain for the sedimentslessthan
10 g/nt. In this instance the average gain was 104 percent, representing a potential doubling of the
sediment inventory. However, this gain must be considered in light of the way it was derived.
Specifically, the estimate of the 1984 molar inventory represents a lower bound estimate for the
inventory due to the fact that no information was available concerning the lighter congeners (i.e.,
monos and dis). This premise serves to minimize any molar loss estimated between 1984 and 1994.
Thus statistically significant losses have a high probability of being true and in fact larger than
estimated. However, gains have the opposite concern. Because the 1984 estimate is alower bound,
an apparent gain would be expected based on undercounting of monochloro- and dichlorohomologues.
Therefore, statistically significant gains may be much lessthan estimated and have the potential not to
bereal. Thusfrom the analysis presented above, it can be concluded that definitive PCB losses have
occurred for sediments greater than 10 g/n¥ to adegree greater than that estimated here, presumably
vialossto the overlying water column. In addition, the data suggest inventory increases for sediments
less than 10 g/n?, although to a degree less than that estimated here.

As afina part of the analysis presented here, two non-parametric tests were conducted to
confirm these findings. Specificaly, arank sumstest and amedian test were performed on these data.
Theseresults confirmed the statistically significant difference between thetwo datagroups at agreater
than 99 percent probability. These results are included along with the rest of the statistics for this
analysisin Appendix F.
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The next analysis examined the relative change in sediment mass (Deltaecs) and is shown in

Figure 4-14. Note that the results are again based on the function:

log(Deltapcys + 2)

since the log of values less than or equal to zero is undefined. This analysis also indicated a
statistically significant decline in sediment inventory for sediments greater than 10 g/n?. In this
instance the decrease was estimated to be 39 percent. The decrease in mass per unit areafor these
sediments represents the sum of both the dechlorination loss and the loss to the overlying water
column. In fact, this loss is quite consistent with the other independent determinations of |oss.
Specifically, the previous analysis of molar change suggested an inventory decrease of 28 percent via
loss to the water column. Assuming that all molecules are equally likely to be lost as would be the
case in a scour scenario, this 28 percent molar loss trandates to a 28 percent mass loss. In the
discussions in Chapter 3, a mean dechlorination loss of 12 percent was found for sediments of the
Upper Hudson based on the change in molecular weight (DMW). These two processes yield an
approximate mass loss of 40 percent which compares closely with the direct measure of mass loss
estimated here.

The Deltasc; also yielded an inventory gain for sedimentslessthan 10 g/nt. Thiswasestimated
to be 87 percent. Like the molar inventory gain, however, this estimate represents an upper bound on
the actual inventory gain. These results were confirmed using the non-parametric tests mentioned
previously, which yielded agreater than 99 percent probability for significant difference betweenthe

groups. The test results are contained in Appendix F.

The 1984 grab samples were examined as an additional sub-grouping of the MPA groups
(Figure 4-15) to evaluate the accuracy of the grab samplesrelative to the coresin regard to sediment
inventory. The grab samples appear to yield potentially lower values for Delta, but no statistical
difference wasfound. To somedegreethisanalysisislimited by the number of grab sasmplesavailable
(15).
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4.1.3 Assessment of Other Potentially Important Characteristics

Two other propertieswere used as criteriato group the Deltavalues and ook for statistically
significant relationships. Specifically ‘Be and acohesive/noncohesive sediment propertieswere used
to group the sediments. The "Be results from the surficial core layer (O - 1 in.) were used on a
presence/absence basisto group the Deltadata. Thisyielded two statistically significant groups, with
the 'Be absent group yielding alower value for Delta,. Thismay indicate that the absence of '‘Beisa
relatively good indicator for sediment PCB loss, presumably to the water column. Thisisasomewhat
different result than that found for sediments below the T1 Dam as discussed in the next section. Part of
this difference probably results from the lack of one-to-one sample correspondence between the
earlier and current study for samples collected below the TI Dam. A statistical summary sheet is
provided in Appendix F for thisanalysis.

The data were also grouped based on a cohesive/noncohesive sediment classification
developed by Limno-Tech and reported in the Preliminary Model Calibration Report (LTI, 1996).
This classification was largely based on the side-scan sonar results. In thisanalysis, ageneral trend
toward higher inventory losseswas seen for cohesiverelative to noncohesive sediment but it wasonly
significant at the 90 percent confidencelevel. Statistical summary sheetsare provided in Appendix F

for both the "Be and cohesive/noncohesive analyses.

4.1.4 Implications of the Inventory Assessment

The implications of the inventory changes noted above are important in assessing the current
status of the TI Pool sediments. Specifically, the inventory losses represented by Delta, are presumed
to apply to all smilar sediments. Thisimpliesthat most hot spotswithin the Tl Pool have undergone
substantive losses to the water column via scour or some other rel ease mechanism. The estimate for
the degree of massloss viathis processis 28 percent athough thisisalower bound estimate. Given
that the inventory for these hot spots is on the scale of ten or more metric tons, this mass loss is
consi stent with some of the recent estimates of rel ease to the water column of 0.5to 1 kg/day. Over ten
years, thiswater column load would represent 1825 to 3650 kg. Thisis not to imply that there have
been no additionsto the PCB inventory of the Tl Pool. As noted in the DEIR, upstream releases may
have served to add PCBs to the Tl Pool sediments. The point here is to denote that, nonetheless,
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sediment inventories from the more contaminated areas have declined consistent with a sediment
release process. Again dechlorination, while present, islimited inits ability to cause PCB inventory
decline and is clearly overshadowed by the scale of the sediment PCB |osses to the water column.
Figure 4-16 shows the distribution of the nearly the entire set of PCB mass/area samples for the
trichloro and higher homologues, based on the 1984 survey. Roughly one third of these samples

represent sediments which would be expected to see thislevel of PCB loss.

Theinventory assessment aso yielded an upper bound on the expected gain that might be seen
for the low level (<10 g/nT) sediment. While some of theinventory gain would be expected to result
from the upstream releases from the GE facilities, it also is probable that some portion of thegainin

low-level sediment is from the redistribution of PCBs from more heavily contaminated areas.

4.2 Sediment Inventories of the Upper Hudson Below the Thompson |sland
Dam

Aspart of thelow resolution coring program, six hot spots below the TI Dam were selected to
be surveyed with some additional coring in alimited number of areas. During sampling thefield crew
unintentionally extended the coverage around Hot Spot 34 to include Hot Spot 35, bringing the number
of hot spots covered to seven. These hot spots were originally chosen since they represented the
majority of hot spot contamination (74 percent) below the TI Dam (Tofflemire and Quinn, 1979).

Table 4-2 provides summary information on these hot spots.

Theorigina premisefor thelow resolution coring program below the TI Dam wasto provide
independent estimates of sediment inventories in a number of hot spot areas to establish current
conditions and to compare with the 1976-1978 NY SDEC survey. Some additional coring was also
planned to explore other areas of potential contamination. To meet these objectives, 5 to 14 cores
were placed within each of the six main hot spots as well as several just beyond each hot spot
boundary. The cores within each hot spot area were averaged to obtain an estimate of the
concentration in mass per unit area for the hot spot. The coring locations outside the hot spot
boundary were used to confirm the boundary itself. Cores placed outside the boundary were expected
toyield substantially lower concentrations per unit area. Additional exploratory coreswereplacedin
Hot Spot 35 (4 cores) aswell asin three additional study areas.
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Plates 4-21 to 4-28 show the locations of thehot spots surveyed by the low resolution coring
program, the original 1976-1978 NY SDEC sampling sites, and the sediment classifications developed
from the side-scan sonar for the areas covered. Plate 4-29 isakey to thelocationsof Plates4-21 to
4-28. Origina side-scan sonar images for these locations were presented in Plates 3-11 to 3-20.
Plates 4-21 to 4-28 also provide the LWA concentrations for shallow sedimentsat 0 to 12-inchesfor
both surveys. The location markers are coded to indicate ‘Be absence or presence for the 1994 low

resolution core survey and to indicate a core or grab sample for the 1976-1978 NY SDEC survey.

4.2.1 Calculation of theL ength-Weighted Average Concentration (LWA) and MassPer Unit
Area (MPA) for Sediment Samples Below the Tl Dam

Before estimating current sediment inventories or comparing previous and current conditions,
itisfirst necessary to establish a consistent measurement basisfor sediment PCB contamination. The
issues here are similar to those raised for the 1984 to 1994 survey comparisons discussed in Section
4.1. While estimation of current inventories can be donein asimilar fashion to the T Pool cores, the
comparison to the previous studies requires resolution of analytical techniques and sampling
procedures between the 1994 low resolution core survey and the 1976-1978 NY SDEC survey.

The 1976-1978 sampling program results were examined by a number of investigators who
trandated the results into area estimates and inventories (Tofflemire and Quinn, 1979; MPI, 1978;
Brownet al., 1988; and MPI, 1992). In particular, the 1992 study by Malcolm Pirnie, Inc. established
sediment inventoriesfor aseries of potential dredge areas as part of a study undertaken for NY SDEC.

This study was never finalized but a draft report was made available to the USEPA. The data
organization and presentationsin the 1992 MPI report were used extensively in thisreport, aswerethe
original hot spot estimates made by Tofflemire and Quinn, (1979) and MPI (1978).

Anayticaly, the 1994 and 1976-1978 sampling programs are based on different procedures.
Thelow resolution core survey PCB anayses were based on congener-specific capillary column gas
chromatography. The 1976-1978 NYSDEC survey in contrast used packed column gas
chromatography with Aroclor-based standards, representing Aroclors 1221, 1016, and 1254. These

Aroclor mixtures have relatively few common congeners among them so “double-counting” of
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congener concentrationsisunlikely. Thesmple sum of thereported Aroclor valuesyields an estimate
for total PCB concentration, which is probably the best that can be done to create a vaue for
comparison to the low resolution coring results. Although this sum is abest estimate for total PCBs,
the estimate is still limited in its quantitation of the lightest congeners. Specifically BZ #1 and # 4
were not directly quantitated and may have been present at elevated levelsrelative to Aroclor 1221
dueto dechlorination processes. Thus, the sum of Aroclors may represent alower bound on the actual
PCB concentration in the sedimentsin 1976-1978.

Sampling techniqueswere also different between the 1976-1978 and 1994 surveys. In1976to
1978 both core and grab sampleswere collected by NY SDEC. Coresweretypically 12 to 16-inches
in depth and subdivided into two to three segments for analysis. Most PCB contamination (greater
than 80 percent) was found within the top 12-inches (MPI, 1992). Grab samples were assumed to
penetrate to about 4inches (Tofflemire and Quinn, 1979; MPI, 1992). In calculating sediment
inventories, coreresults were simply integrated by length. Grab sample results were extrapolated to
12-inches, based on afactor developed from the coring results. Thefactor for the grab sampleswas
developed by Malcolm Pirnie, Inc. (MPI, 1992) for NY SDEC based on the ratio of surface sediment

PCB levels (0 to 4-inches) to those of the entire core.

To calculate the sediment PCB inventory and to compare 1976-1978 conditionswith thosein
1994, PCB resultsfrom both programswere reduced to LWA and M PA values. The calculation of the
LWA values was relatively straightforward since most cores were analyzed to a depth of at least
12-inches and the grab sample data had already been corrected to this depth by MPI. LWA was
generated for shallow sediments, at 0 to 12-inches deep, for both 1976-1978 and 1994 data sets. For
the 1994 data when the top-most segment ended above the 12-inch mark (e.g., a nine-inch top
segment), the remaining incheswereincluded in an LWA by using the concentration of the next deepest
layer for just the needed inches. When the top-most segment was greater than or equal to 12-inches,
the reported concentration for the segment was used without modification. Length-weighted averages
for 0to 12-incheswere previoudy determined by Malcolm Pirnie, Inc. (MPI, 1992) for the 1976-1978
core and grab samples, as mentioned previously. Due to discrepancies between the values reported
by MPI and those contained in the electronic NYSDEC database, the results could not be
cross-checked. Asaresult, the MPI results, which were already in the desired form, wereused inthis

report.
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Determination of the MPA for the 1976-1978 data set was more problematic dueto the lack of
density datafor thisstudy. Although it isnever explicitly stated in the origina report by Tofflemire
and Quinn (1979) nor in the analytical report by O’Brien and Gere (1978), it can beinferred from the
way the data are used that the original PCB analyses were reported on adry-weight of sediment basis.

Therefore, to calculate the PCB mass per unit area from these results, the solid specific weight
(weight of dry sediments per unit volume of wet sediments) isrequired. Sincethisisan essentia part
of the calculation, estimated values for the solid specific weight (SSW) were obtained based on the
strong correlation between total PCBs and SSW for the low resolution coring program as shown in
Figure 3-15. When this plot is reversed by using the total PCBs for the grouping (bin) values, the
median and mean SSW values for each PCB range can be obtained from the relationship as shownin
Figure 4-17. Utilizing the 1976-1978 total PCB concentrations, SSW values were obtained for the
NY SDEC core and grab samples based on the bin mean values listed in Table 4-3. With this
parameter, the MPA valuesfor the 1976-1978 sampling locations could be cal culated by the formula
described in Section 4.1. Note this correction for SSW represents a potentially large (20 to 50
percent) correction to the origina MPA estimates generated by MPI (1992) and Tofflemire and Quinn
(2979). Specifically, the earlier estimatesassumed a SSW of 1 g/ccfor al sediments. Inlight of the
current low resolution coring work, this assumption was found to be an oversimplification. At the
PCB levelsreported by MPI (1992), SSW ranged from 0.5to 0.79 g/cc with the lowest SSW valuesa
the highest concentration. When using a constant SSW of unity, the contributions by the most
contaminated sediments will be overestimated. For the discussions on MPA which follow, the
1976-1978 MPA vaues have been caculated using the low resolution core SSW to PCB
concentration relationship given in Table 4-3. These results will be contrasted against the original
MPI (1992) and Tofflemire and Quinn (1979) estimates under the discussion of hot spot PCB mass
later in this section.

The 1976-1978 PCB resultsin the TAMS database and in this report were obtained directly
from NY SDEC (Bopp, 1990), aswell asfrom the MPI (1992) report. In particular, the extrapolated
grab sample results and the length-weighted average core values were taken directly from the MPI
report. Visual sediment classification data and grain-size distribution data were obtained
electronically from NY SDEC as well as from Normandeau (1977).
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4.2.2 Comparison of 1976-1978 Sediment Classfications and the Side-Scan Sonar

| nter pretation

Before beginning the discussion of PCB inventories for 1994 and 1976-1978 data sets, it is
useful to establish the comparability of the sediment classification dataavailablefor the two data sets.
A good level of agreement between the 1976-1978 and 1994 Phase 2 conditions servesto support the
use of the historical data set as agood characterization of theriver, aswell asto further confirm the
internal consistency of the various sediment classification datasets. Consistency between 1976-1978
sediment classification data and the current conditions would also imply that river-bottom conditions
have remained relatively constant over time, that is, areas with fine-grained sediment tend to remain
fine-grained and coarse-grained sedimentstend to remain coarse-grained. Thiscomparison was made
by contrasting the principa fraction classifications used by NY SDEC and its consultants for the
1976-1978 samples with the classification developed from the side-scan sonar images. Thisis
similar to the analysis presented in Chapter 3 for the low resolution core grain-size distribution data
and the side-scan sonar classifications. However, consistency in sediment classification cannot be
used to infer that the sediments do not move or that their PCB inventories are unchanged. Aswas
discussed in Section 4.1 and presented bel ow, PCB inventories have substantively changed in many

instances.

Sediment classification data were obtained for atotal of 493 |locations throughout the area of
side-scan sonar coverage. Theselocationswere obtained for both the Tl Pool and for areas below the
T1 Dam. The sediment classification datafor the 1976-1978 survey was obtained from two sources: a
report by Normandeau Associates, Inc. (1977) and an electronic data file transmitted to the USEPA
(Bopp, 1990). The datafrom the Normandeau report represented standard grain-size distribution data
reported on a phi scale plus silt and clay fractions. The data from both sources were converted to a
principa fraction by summing across phi bins as shown in Table 4-4. The largest percent fraction
among the classifications developed for each sample, i.e., coarse-sand, medium sand, fine-sand, silt,
and clay, was defined asthe principal fraction. Of the 405 samplesreported by Normandeau (1977),

278 were located within the areas covered by side-scan sonar.

Datafor other locations were contained in the electronic datafiles obtained from NY SDEC.

These data contained a numerical code describing the sediment texture. The origina sediment
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description for these codes was contained in Tofflemireand Quinn (1979). These codeswere used to
assign the principal fraction classification as shown in Table 4-5. Using thistrandation, the electronic
files provided an additional 215 locations within the side-scan sonar coverage, bringing the total

number of 1976-1978 survey locationsto 493. A new sediment classification, “muck”, was used for
the description data set only. The precise sedimentological classification for these “muck” samplesis

not known, but they are believed to represent organic-rich silts and fine-sands.

The comparison between the NYSDEC classifications and those by side-scan sonar
interpretation is given in Figure 4-18. This figure shows the sample data organized by NY SDEC
principal fraction and side-scan sonar classification. The primary sediment category collected during
the 1976-1978 survey was fine-sand. The agreement between the NY SDEC and side-scan sonar
classification appears quite good. Beginning with the silt and muck classifications, it is apparent that
the majority of the silt and muck samples were obtained from areas classified as fine-grained.
Similarly, medium-sand and coarse-sand samples by the NY SDEC survey were generally mapped to
coarse-grained sediments by the side-scan sonar interpretation. As a group, medium-sand and
coarse-sand samples were mapped as coarse sediments roughly 72 percent of thetime. For silt and
muck, the agreement was a so good but not as accurate, with about 57 percent of the samples mapping

as fine-grained sediment.

All NY SDEC sediment classifications except for clay had a small but non-trivial number of
sites which were mapped as rocky locations by the side-scan sonar. These sites are attributed to
pockets of sediment located in and among the rocks or rocky outcrops on the river bottom. Although
rocks would be the most prevaent kind of material in these areas, the standard sampling procedures
used by NYSDEC (i.e., coring tubes and relatively small grab samplers) would not reflect this.
Instead, these samplers would focus on the coarse-sands to fine sediments found among the rocks
which are more readily collected by these samplers. Thus, rocky areas yield avariety of sample
types. When rocky areas are excluded from thetally, the fine-grained fractions of silt and muck yielda
66 percent rate of agreement with side-scan sonar. Similarly, the coarser fractions, medium- ssndand
coarse-sand as classified by NY SDEC, yield an improved agreement of 83 percent when the rocky

locations are excluded.
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Only seven NY SDEC sampling locationswere classified asclay, yielding avery small group
to assess. Nonetheless, only two of the seven sampleswere obtained from fi ne-grained sediment areas
as defined by the side-scan sonar. The reason for thisis unclear but may represent small pockets of
glacial lake clayslocated in among coarse-grained sediment areas. During the Phase 2 confirmatory

sampling, all clay samples collected were associated with historical glacial |ake deposits.

Fine-sands yielded the greatest number of samplesin the NY SDEC data set. The results map
out as approximately 55 percent coarse-grained sediment and 45 percent fine-grained sediment based
on the side-scan sonar, when rocky locations and the other minor areas are excluded. This splitin
areatypeisvery consistent with the results obtained for the low resolution cores, as shown in Figure
3-28. Note that Figure 328 uses bins based on the side-scan sonar assignments and maps the
grain-size classification whereas Figure 4-18 uses bins based on the NY SDEC classifications and
maps the side-scan sonar assignments. Fine-sand samples are approximately evenly split (52 percent
coarse-grained and 48 percent fine-grained) using the side-scan sonar classificationandthe NY SDEC
results (upper diagram of Figure 3-28). These results are consistent with the resolution afforded by
the side-scan sonar images, in that the acoustic signal (DN50) value used to separate fine-grained and
coarse-grained sediments (55 to 60) roughly corresponds to the middle of the range of DN50 vaues
obtained for fine-sands, as shown in Figure 3-30. Thus an even split of fine-sand samples among
fine-grained and coarse-grained sediment areas would be expected for both the low resolution core
sites and the NY SDEC sampling locations.

Although the rates of agreement between the NY SDEC classification and the side-scan sonar
classifications are not as good as that for the low resolution core samples, the agreement is till
considered acceptable. The poorer agreement is due in part to the use of visual classifications, as
well as standard grain-size distribution analysis in this comparison. Thereis also the possibility of
changesin sediment type in alimited number of cases. Overall, the historical 1976-1978 NY SDEC
grain-size distribution results appear quite consistent with the current Phase 2 side-scan sonar
classifications and the Phase 2 sediment grain-size distribution results. Historical silt, fine-sand, and
medium-to-coarse-sand samples al map onto the side-scan sonar classifications in a manner
consistent with thelow resolution coredata. Thisresult supports the contention that Hudson sediment
classifications have remained relatively constant over the last 15 years for large areas of the river

bottom. That is, large areas of fine-grained sediments as classified in 1976-1978 are still areas of
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fine-grained sediments. Similarly, large areas of coarse-grained sedimentsalso remain asoriginaly
classified. However, these results cannot be used to imply that the PCB inventoriesremain intact. The
status of the PCB inventories below the TI Dam is discussed in the next section.

4.2.3 Comparison of Sediment PCB Inventories. NY SDEC 1976-1978 Estimatesver sus 1994

L ow Resolution Core Estimates

The 1976-1978 and 1994 data taken below the TI Dam represent focused sampling programs
centered on the areas of greatest PCB contamination. In particular, thelow resolution coring program
was centered on alimited number of hot spots, so asto provide abasisfor comparison to the earlier

survey without duplicating the scale of the effort.

In order to make a comparison between the two surveys, acommon sampling basis had to be
established. Clearly defined hot spot areas were needed to divide samples into those outside and
inside the hot spot areas. Theoriginal report (Tofflemire and Quinn, 1979) did not provide mapswith
sufficient resolution so as to permit a clear definition of the hot spot boundaries. The 1992 MPI
report defined a series of smaller areas, called dredge | ocations, whose borders approximated those
of the original hot spots. Twelve dredge locations were used to represent the seven hot spots
surveyed during the low resolution coring program. Using these borders, both NY SDEC and Phase 2

sampling locations were designated as internal or external to the area.

This procedure was used to designate sampl e association for Hot Spots 25, 28, 31, 34,35, 37,
and 39, the seven hot spots studied by the low resolution coring program. Incidentally, one of the
areas covered by the exploratory cores (TAM S| ocation 42) also coincided with MPI dredge location
182. This area was added to the evaluation of sediment inventories, bringing the total number of
dredge locations to 13. Within these areas, MPI identified 111 points. However, upon review of the
maps supplied in MPI (1992), two additional pointswere noted in Hot Spot 37, yielding atotal of 113
sampling locations from 1976-1978. The low resolution coring study occupied 64 coring locations
fromwithin these areas. Plates4-21 to 4-28 show the 1992 MPI dredge |ocation areas aswell asthe

sampling locations for both sampling programs.
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To compare the PCB levels within these areas, arithmetic and geometric means were
calculated. Because of thelog-normal nature of the data distribution for both data sets, the geometric
mean and its standard error provide the best statistical basis to assess change in the sediment
inventories over time. The log-normal nature of the entire 1976-1978 data set was originally
established by Tofflemire and Quinn (1979). The subset of 113 NYSDEC samples was also
log-normally distributed, as seenin Figures 4.2-3 and 4.2-4. Thesefiguresshow that both the one-foot
length-weighted averages (LWA) and the SSW-corrected PCB mass per unit areaestimates (MPA) are
log-normally distributed. Similarly, Figures 4.2-3 and 4.2-4 show the LWA and M PA distributionsfor
the subset of 64 low resolution cores from the seven study areas below the TI Dam aswell asfor all
low resolution core results below the TI Dam. These results were determined to be log-normally
distributed using the Shapiro-Wilk W test for normality (Table 4-6).

Geometric means were compared in log space to determine the statistical significance of
changes in the sediment inventories. That is, the average of the log-transformed valuesfor each hot
spot or dredge area for the 1976-1978 survey was compared to the average of the log-transformed
values for the same hot spot or dredge area based on the 1994 low resolution coring study. The

geometric mean (Cg) was calculated as follows:

_ a%é In(C; )g
—_ i=1 a
CG =e (4.2-1)
where: G = LWA or MPA for each sampling location in ahot spot or dredge arez;
n = number of samplesin the hot spot or dredge areg;
% é_ In(C;) = mean log for the hot spot or dredge location; and

i=1

In(Ci)

natural log of C.

The comparisons were made using the Tukey-Kramer honestly significant differencetest (IMP,
1994) which tests for the statistical significance of the difference between means of sample
populations when the popul ations are normally distributed. In thisinstance, datawere normalized by
performing a log-transformation. Non-parametric tests (.e., tests that do not require a normal

distribution) were aso used to test for differences between populations.
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Although the geometric mean and | og-transformed data provide the best basisfor establishing
the occurrence of change in the sediment PCB inventory, the arithmetic mean must be used if the

degree of changeisneeded. The arithmetic mean for the LWA values can be determined in two ways

asfollows:
. . — 14
1. Arithmetic Mean (C,) = rTé‘lCi 4.2-2)
where: G = LWA or MPA
n = number of samplesin study aress;
¢ sarc) a8l o
2. Arithmetic Mean ?A b: e * Yn(}?; (4.2-3)
&2 5
where: G, n, and In (G) are defined as above,
S? = variance of the sample log vaues, and
Yot) = an infinite series as follows:
(n- Dt (n- 1)°%? (n- p°t® (n-1n't*
Y O =1+—L+—~ 4~ 4 7 4 .
O =1 A M+D) A (nenm+3)  Ant(+Dn+3)(n+5) (4.2-4)
2
where: t = >
2

The first formula represents the ssimple arithmetic mean of the data. Given the log-normal
distribution of the data set and the limited number of samplesfor each hot spot or dredgelocation, this
formula doesnot provide an unbiased estimate of the true arithmetic mean. However, itispossibleto
take advantage of the knowledge that the underlying data set is log-normal. The second formula
represents aminimum variance, unbiased estimation of the arithmetic mean, given that the underlying
distributionislog-normally distributed (Gilbert, 1987). Itisalso possibleto obtain the standard error
of the estimator, given the same assumptions about the data set. The standard error of the arithmetic

mean is calculated as sa,.
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where: C, n, 1,, t and S/Z defined as above. Table 4-7 provides a summation of the geometric and
arithmetic means.

The relationship among the three estimates can be expressed as Cs < Ca < Ca. The
geometric mean is less than the ssimple arithmetic mean which is less than or equa to the minimum
variance unbiased estimate of the arithmetic mean. Thisrelationship holdsin all hot spotsfor boththe
length-weighted average (LWA) and the PCB mass per unit area (MPA) except for Hot Spots 25 and
39 for the 1976-1978 data and Hot Spots 34 and 35 for the 1994 data. In each of these cases, the
unbiased estimate (C ») was roughly 5 to 10 percent lower than the simple arithmetic mean (C,) The
geometric mean (Cg) was substantially smaller than the arithmetic mean, which is typically

characteristic of log-normal distributions.

Using the log-transformed data, the 13 dredge locations were evaluated for statistically
significant changes in the PCB levels between the 1976-1978 and 1994 surveys. This evaluation is
summarized in Figure 4-21. The figure presents the geometric mean values with error bars
representing two standard errors about the mean. Each paired set was tested for statistically
significant difference using the Tukey-Kramer honestly significant difference (IMP, 1994).
Statistically different values are represented by larger, solid markers. In thisevaluation, only three of
the thirteen dredge locations were found to be different based on LWA, and only four differed based
on MPA. Thislack of statistical significance wasduein part to the very limited dataset availablefor
each dredge location. However, when grouped on ahot spot basis, alarger fraction of the areaswas
shown to be statistically different. These results are summarized in Figure 422. (Appendix F
provides summary statistical datawhich form the basisfor the information displayed in Figure 4-22).

Five of the eight study areas were statistically different for LWA, thelength-weighted average
PCB concentration for shallow sediments. Of these, four showed decreases in concentration from
1976-1978 to 1994 conditions while one indicated increased PCB concentrations. The remaining

three areas were unchanged. Similarly, four of the eight study areas, with three declining and one
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increasing, were statistically different for MPA. These four areas corresponded to four of the five

areas with significant changesin LWA.

Theimplications of the changesin MPA are straightforward. Decreasesin MPA correspond
directly to decreasesin theinventory of PCBswithin the sediment and viceversa. Theinterpretation
of the changesin MPA issummarized in Table 4-8 for each of thehot spot areas. Thetables provide
the surface area, number of samples, MPA, and PCB inventory in kilograms for each of the hot spots
under 1976-1978 and 1994 conditions. The MPA given in Table 4-8 is the unbiased minimum
variance estimetor of the arithmetic mean and not the geometric mean represented in Figure4-22. As
noted previoudy, the arithmetic mean is needed to estimate the inventory while the geometric mean is
used to discern statistically significant changes. It should also be noted that the 1976-1978 conditions
are calculated using the solid specific weight correction described earlier. Theoriginal MPI (1992)
inventory estimates are provided in Table 4-8, in addition to the 1976-1978 sediment inventories
recal culated for this report.

The PCB inventories were cal culated for both the 1976-1978 and 1994 results using the same
area and the minimum variance unbiased estimator for the arithmetic mean on an individual hot spot
basis. Inthismanner, the magnitude of the changein PCB inventory in each hot spot between the two

sampling events could be estimated.

Table 4-8 providesimportant information on the scale of thehot spot inventory changes. All of
the statistically significant changes represent differences of afactor of two or higher, i.e., statisticaly
significant increases represent at least a doubling of the 1976-1978 sediment PCB inventory, while
decreases represent at |east ahalving of the 1976-1978 sediment PCB inventory. Infact, most of these
changes are even greater. Specifically, the inventories at Hot Spots 31, 34, and 37 have declined by
approximately five-fold, two-fold, and three-fold, respectively, while the inventory at Hot Soot 28 has
increased eleven-fold. The remaining four hot spot inventories appear unchanged with relatively
good agreement (less than 10 percent difference) between 1976-1978 and 1994 for three of the four
areas. The fourth area, Hot Spot 39, had a large, but not significant, increase in PCB inventory.
Overadl, the surveyed areasincreased in PCB inventory over the study period, as shown at the bottom

of Table 4-8. However, the nature of this gain warrants further discussion.
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The proceduresto estimate the MPA and sediment inventory differed between the 1976-1978
and 1994 sampling programs. The earlier program relied on extrapolation to calculate the total PCB
inventory, while the 1994 program did not. The 1976-1978 program used a limited number of long
cores that completely encompassed the entire PCB inventory as a basisto vertically extrapolate the
large number of grab samples obtained. These grab samples were assumed to represent sediments
from 0 to 4-inchesin depth. Extrapolationfactorsfor the grab sampleswere developed separately for
each reach by both Tofflemire and Quinn (1979) and MPI (1992). Table 4-9 showsthedistribution of
grab and core samplesfor the 1976-1978 dataset. Thereisan inherent uncertainty associated withthe
estimation process, since the correct extrapolation for each individual grab sample is not known.

However, the individual cores do provide abasis for arealistic assessment of this uncertainty.

Figure4-23, derived from MPI (1992) and the Hudson River Database Release 3.5, represents
the relationships among the 0 to 4-inch section, the O to 12-inch section, and the entire core for the
1976-1978 data. The data is grouped by location above or below Lock 5. The intercept in each
regression was not statistically different from zero, so the lineswere forced through zero. From these
diagrams, it is apparent that the extrapol ation of the 0-4-inch section to the 0-12-inch section should on
average be within 6 to 8 percent of the true value when groups d samples are considered. The
diagram also indicates that no systematic biasexists. The error onindividual coresislarger (42 mg/kg
above Lock 5 and 16 mg/kg below Lock 5) based on the intercepts of the individual 95% confidence

limits.

The MPA for the 0-12-inch section of the entire core yields sopes >1 in both instances
indicating that a portion of the mass is unaccounted for in the 1976-1978 estimates. The error in the
individual points and the regression line is small for the cores below Lock 5, 2 g/n? on individual
coresand 10 percent on the regression line. For points above Lock 5, the error on both the regression

line (30 percent) and on individual cores (61 g/nT) is much greater.

For the 1994 low resolution core collection and interpretation, extrapolation was not
necessary, since most cores collected were complete. *'Cswas used to assess core completeness as
discussed previoudly in Chapter 2. Although some coreswere defined asincomplete, these coresare
typically scattered throughout the data set and do not greatly impact the vertical integration of PCB

mass, i.e., nearby complete cores of comparable thickness suggest that little PCB inventory was
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missed by the incomplete cores. Table 4-9 presentsthe number of complete and incomplete coresfor
each hot spot for the 1994 data set. Additional factorsindicating near-completenessin acoreinclude
the PCB profileitself (Chapter 2) and thetrend of **'Cs between surface (0 to 1-inch) and bottom core

segments.

Given the relatively well-known *'Cs impact to the Hudson watershed as recorded in the
various high resolution cores, aswell asby various authors (e.g., Bopp and Smpson, 1989), thetrend
in**'Cslevels between surface and deep sediments can yield useful information about the core. Ascan
be seen in Figure 4-24, both **’Cs and PCB have seen substantive maximum concentrationsrelative to
the ol dest and most recent deposition. In **'Csin particular, the surface sediments are substantially
higher in concentration than the sediments deposited in the mid-1950s. Assuming that thiskind of “Cs
distribution appliesin arough manner to all Hudson River locations, if surface™*'Cslevelsare higher
than those at the bottom of the core, thenit ishighly likely that the core encompasses the entire section
of recent deposition. Thisis because **'Cslevels have not yet dropped to the levels seen in the mid-
1950s. Thus, the core bottom is close to the early 1950s horizon and little post-1950 deposition lies
below it.

Conversaly, when *Cs increases from top to bottom in alow resolution core, it is unclear
how much recent sediment lies below the core since higher **’Cslevelsrelative to the surface layer
exist from 1992 depositions back to the early 1960s. |deally in anincomplete core, falling **'Csleves
from surface to bottom indicate that little recent deposition lies below the core and that the core is
nearly complete. Rising *'Cslevelswith depth indicate that much recent deposition may lie below
the core bottom. Table4-9 providesasummary of the®*'Cstrendsfor theincomplete cores. Hot Soots
25, 28, and 31 have alarge majority of complete cores and so these inventory estimates should be
accurate. Hot Spots 34, 35, 37, and dredge location 182 have a relatively large proportion of
incomplete cores, but most are characterized by falling **'Cs, indicating near-completeness in the
cores and subsequently relatively accurate inventories. Only Hot Spot 39 has alarge proportion of
incomplete cores with rising **'Cs. Estimation of an accurate inventory isdifficult herebut it is still

possible to assess the change at Hot Spot 39, as discussed later in this section.

Returning to the discussion of hot spot inventory changes, it is evident that several of the
smaller hot spots have lost a substantial portion of the 1976-1978 PCB inventory. Thesehot spotsare
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shown in Plates 4-23, 4-24, and 4-25. More than five metric tons (5,040 kg) were represented in Hot
Spots 31, 34, and 37 in 1976 to 1978, based on the MPA calculations presented in thisreport (Table
4-8). This substantial mass is still less than the MPI (1992) estimate of almost seven metric tons
(6,830 kg) based on a constant SSW of 1 g/cc (Table 4-8). In 1994, the best estimate of 5,040 kg in
these areas was reduced to only 1,881 kg, a loss of 63 percent. This loss is well beyond any
dechlorination process (maximum mass|oss of 26 percent) and must therefore, represent there-rdease
of PCBs from the sediment to the water column via one or more processes. The exact mechanism or
mechanisms responsible for this release are not well known but the effect in these areas is quite

profound.

Given the relatively thin depth of recent (post-1954) deposition in these hot spots (lessthan
12-inches; see Table 4-10 and Appendix D), resuspension of river sediment is certainly a viable
mechanism. Ground water advection or biologically driven losses are also possible. A portion of this
apparent loss may be due to differences in quantitation techniques, but it is highly unlikely that

guantitation differences could account for such a substantial loss.

Of particular note among these three areas is Hot Soot 37. Although the samples contained
strictly within the dredge boundaries yielded a statistically significant loss, a core collected just
downstream yielded a very high MPA of 125 g/nt as compared to 17 g/n for the hot spot itself in
1994. Thiscore appearsto bewithinthe original hot spot boundary defined in Tofflemireand Quinn
(1979). Theseresults suggest that thisareamay be asource of the large PCB |oad increase described
intheDEIR (TAMSet al., 1997) for water column Transect 3. A high flow event inthe Hoosic River,
the mouth of which isimmediately upstream of Hot Spot 37, may have remobilized material from the
upstream end of Hot Spot 37. Thefrequency of similar high flow eventsin Hoosic River suggeststhat

this Hot Spot may continue to be a source of PCBs downstream in the water column.

Hot Spot 28 near the downstream entranceto Lock 6 (see Plate 4-22) exhibited astatistically
significant gainin PCB inventory. PCB inventory increased from just under two metric tons (1,850 kg)
to over 20 metric tons (20,390 kg). The 1994 core profiles for Hot Spot 28 typically exhibited two
forms, asshown in Figure4-25. In Profile 1, the coring Site has apparently seen substantial deposition
over time, burying the more contaminated PCB layers. In thisprofile, peak concentrations reach 526

mg/kg, but are under and overlain by sedimentsat lower concentrations. The PCB concentration inthe
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thickly sliced core in Profile 1 matches the better resolved high resolution cores collected in 1992
(Figure 4-24), but the shallow sediments (0O to 12-inches) still represent a substantial PCB
concentration (145 mg/kg). Therefore, athough burial of the highest sediment concentrations is
occurring, the more recently deposited material bears a substantial PCB contamination level of itsown
and is not considered “clean”. Core profiles LH-28F, LH-28l, and LH-28K in Appendix D have

conditions similar to Profile 1.

In Profile 2, the overlying lower PCB level sediments are missing and apparently peak PCB
concentrations are at or very near the surface. This type of profile can occur when sediment
deposition effectively stopsat agiven location, leaving highly contaminated sediments at the surface.
This profile can also be found in areas undergoing scour, where the upper layer in Profile 1 has been
removed and the river is now scouring peak PCB concentration at the coring location. In either case,
sediment burial isnot occurring. Consequently the potential for PCB re-release at these sitesisvery
high and may be on-going. Cores LH-28E, LH-28G, LH-28J, and LH-28N in Appendix D have smilar
profiles. It was noted that the ‘Be levelswere detected in surficial sedimentsat all of theselocations,
indicating recent deposition. This evidence for recent deposition apparently contradicts the strong
PCB profile evidence for long-term sediment loss or lack of burial. Onelikely explanation isthat the
areais subject to sporadic scour eventsfollowed by periods of deposition. Thiswould provideathin
layer of ‘Be-bearing material at the surface which would be removed periodically along with some of
the underlying material during scour events.

Although the PCB inventory has apparently increased at Hot Spot 28, itslong term storage
there is clearly not assured. In addition, the burial process to date has clearly not yielded clean
overlying sediments. Morethan likely, the PCB contamination seen in the shallow sediments of Profile
1istheresult of PCB re-release from sedimentsfurther upstream and from PCB rel eased from the GE
Hudson Falls facility aswell asfrom local re-release from the hot spot itself. Hot Spot 28 does not
suggest a steady rate of deposition so as to sequester contaminated sediment, instead the burial,
subsequent re-working, and re-release of the contaminated sediment by the river appears to be

continuous and on-going.

Itismost likely that the apparent increasein total inventory is the result of an underestimate of
PCB inventory in 1976-1978 derived from cores of insufficient length and incorrect assumptions about
the total depth of PCB contamination. The percent mass deposited between 1977 and 1994 can be
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estimated using the dated high resolution cores shown in Figure 4-24. These cores are considered
recorders of river PCB loads, asdescribed inthe DEIR (TAMS, et al, 1997). Inthese and essentially
all other dated sediment cores from the Hudson, the sediment record shows asubstantial decline over
time in the PCB loads carried by the river. Based on these core profiles, only 2 to 5 percent of the
cumulative PCB load was transported in the period after 1977. Thus the river was not carrying the
volume of PCBs which would be required to substantially raise sediment inventories between 1977
and 1994. Since at the time of the 1976-1978 surveys the river had already transported at least 95
percent of itstotal PCB load, it ishighly unlikely that the remaining 2 to 5 percent to be transported in
the post-1978 period could yield the eleven-fold increasein inventory found in Hot Spot 28. Thus, it
isunlikely that atrue substantive increase in PCB inventory has occurred at Hot Spot 28 since 1976-
1978. Rather, it islikely that the 1976-1978 inventory was badly underestimated.

At the sametime, the on-going reworking and re-rel ease processindicated by the core profiles
is born out by the changes in the shallow-sediment concentrations (LWA). Both the total sediment
inventory and the shallow sediment inventory as represented by LWA have substantially increased
(see Table 4-10). Given that the PCB input history to the sediment is similar to that recorded in the
high resolution cores as shown in Figure 4-24, an increasing shallow sediment inventory is
inconsistent with an increasing total sediment inventory. Specificaly, the 1976-1978 cores were
collected just after the PCB maximum seen in the high resolution cores. Thus, after the 1976-1978
period, PCB concentrations in sediment have been declining. In locations where true burial occurs
between 1976 to 1978, the total sediment inventory should increase as additional contaminated
sediment is deposited above the mid-1970s peak concentration. However, the shallow sediment
concentration (LWA) should decline as the less contaminated sediments overlay the sediments
previousy deposited. Thisis not the case in Hot Spot 28 where shallow sediment concentrations
have increased six-fold.

While it is aso true that upstream inventories of PCBs have also declined and could thus
provide some additional material to Hot Spot 28, it isunlikely that this processisresponsiblefor the
eleven-fold increase noted. Specifically, upstream resuspended sediment would be mixed with the
sediment load already carried by the river, thus downstream transport serves to dilute the sediment
concentrations. Y et shallow sediment concentrations are comparable or higher than many of the core

locations occupied upstream. Also, itislikely that any major transport event sufficient to substantially
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increase the sediment inventory at Hot Spot 28 to this degree would be recorded in the nearby high
resolution cores. High resolution core 18 was collected near the downstream end of Hot Spot 28 at
Rm 185.8. Thiscore clearly showsthat the mgority of PCB transport occurred prior to 1978 and that
deposited sediment concentrations are declining over time. This contradicts the observation that

shallow sediment concentrations have increased at this hot spot since 1978.

Both the Phase 2 water column and high resol ution core analysis demonstrated the absence of
local sources in the vicinity of Hot Spot 28. In the absence of local PCB input, increases in both
shallow sediment and total sediment inventories can only occur when both PCB deposition and PCB
re-release (probably viascour) are occurring or have occurred during the intervening period. Based
on the number of cores similar to Profile 1 in Figure 4-25, it appears that dightly lessthan half (4 of
10) of the coring sitesin Hot Spot 28 are undergoing buria with less contaminated, but hardly clean
sediments. However, asimilar fraction of sites (5 of 10) is undergoing scour, thus bringing the peak

PCB concentrations back to the surface.

Conditions at Hot Spot 28 can be contrasted with those at Hot Spot 39. At this hot spot the
shallow sediment inventory has shown statistically significant decline of about 30 percent (1.4-fold
decrease). Thisismatched by athree-fold increasein masswhichisnot statistically significant. Hot
Spot 39 contained only six complete cores out of atotal of 14. Of the six complete cores, fiveyield
profilessimilar to Profile 1 in Figure 4-25, indicating steady deposition and burial. Four incomplete
coresyield profileswith rising **'Cs and rising PCB, indicating that a potentially significant portion of
recent sediment and PCB inventory is present below the coring depth. Only two coresyield profiles
similar to Profile 2 in Figure 4-25 and the remaining cores indicate little activity, with the PCB
inventory contained almost entirely in the shallow sediments. Thus nine of 14 cores indicate that
burial of PCB bearing sediments is the predominant process at Hot Spot 39. Shallow sediment
concentrations indicate that the depositing sediments are not clean, with PCB concentrations in the
range of 4 to 62 mg/kg with amedian of about 5 mg/kg. Hot Spot 39 representsthe only hot spot sudy
areato exhibit a consistent PCB burial process. Unfortunately, an accurate estimate of the inventory
gain could not be made, due in part to the large number of incomplete cores. Also, the 1976-1977
estimates are based on short cores and grabs which would underestimate the PCB mass. Based on the

results available, the apparent gain is at least athree-fold increase.
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The remaining three study areas, Hot Spots 25 and 35, and dredge location 182 were
characterized asunchanged. Plates4-21, 4-24, and 4-27 show the sampling locations associated with
each area. Two of these areas are particularly limited in sample coverage. Specifically Hot Spot 35
and dredge location 182 have only four and two samples collected, respectively, in 1994 as compared
to 11 and six samples, respectively, collected in 1976 to 1978. Thus, statistical analyses of thesetwo
areas are quite limited, especially for the dredge location 182. However, taken together, these areas

still provide useful information on relatively unchanged areas.

Asshownin Table 4-8, the PCB inventory estimatesfor 1976-1978 and 1994 are quite close
in the areas characterized as unchanged, within 10 percent of each other in each case. The apparent
lack of change is borne out by the core profiles shown in Appendix D. Figure 4-26 shows two core
profilestypical of these areas. In general, these areas are characterized by profileswhere little PCB
mass occurs below the top core segment. These profiles appear somewhat similar to Profile 2 in
Figure 4-25, but there is an important distinction. Cores from Hot Spots 25, 35, and dredge location
182 show a much greater level of change between the shallow sediment segment and the underlying
layer. Typicaly, the PCB inventory inthe underlying layer isat |east five times|ess than the shallow
sediment layer and isfrequently zero. Thiswould suggest that only ashallow PCB inventory exists at
these hot spots. No cores from within these areas exhibited the PCB burial profiletypically seenin
Hot Spoot 39. Although several coresin these areas were not complete (see Table 4-9), al incomplete
cores were characterized with falling **'Cslevels, thusthe majority of recent sediment was captured
in the core. The finding that in many hot spots the current PCB inventory isin shallow sediments
indicates that:

o Buria of these hot spots is not occurring;

. Opportunity for remobilization of PCBsis present; and

o There are little or few overlying clean sediments to remove to get to contaminated
sediments.
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424 'Bein Surface Sediments

It was originally hoped that the presence or absence of ‘Bein the 0 to 1-inch layer of alow
resolution core would provide some information on the occurrence of sediment scour, since 'Beiis
generally detected in more recently deposited sediments. While the absence of ‘Be does not preclude
the presence of sediment lessthan six monthsold, little direct correlation could be found between ‘Be
presence/absence and sediment deposition or scour. Thisisevident inthefour core profiles presented
in Figures 4-25 and 4-26 that al have ‘Be present, yet are distinctly different. These profiles
characterize deposition (burial), scour, and no net change. On an individual basis, ‘Be does not
appear to be able to separate these environments, but this does not imply that the '‘Be data are of no
use. When viewed on ahot spot areabasis, it is apparent that Hot Spot 37, which has undergone PCB
inventory loss, hasadistinctly lower detection frequency for ‘Be (3 of 11 core sites or 36 percent) as
compared to the depositional environment around Hot Spot 39 (13 of 14 sites or 93 percent). (See
Plates 4-25 and 4-26).

On average, the three hot spots exhibiting PCB loss had a lower average frequency of 'Be
detection (0.54) than the two hot spots with massincreases (0.87). Although these data sets are too
small to perform statistical analys's, the average values support thisgenera correlation. Thethreehot
spots with unchanged inventories yielded awide range of ‘Be detection frequencies. However, the
number of points available for these areasis quite limited and so they were not examined further for
'Be. All the’Bedatain terms of presence/absence for thehot spots sampled as shown in Plates 4-21
through 4-28.

Because of the nature of its geochemistry and short half life, ‘Be still providesthe potential to
prove the presence of less than six-month old sediments. However, presence of six-month old
sediment at time of collection does not guarantee acompl ete depositional record in the core. 1n many
instances ‘Be was present in cores from hot spots with declining PCB inventories such asHot Spots
31 and 35, indicating that it is not a perfect predictor for PCB loss environments. Taken on an area
basis however, ‘Befrequency of detection was|owest for areas of PCB inventory loss and highest for

areas of inventory gain, as might be expected.

4.25 Hot Spot Boundaries
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A subset of coreswas collected just beyond the original hot spot boundary so asto assessthe
accuracy of the boundary asdrawn. Whilein most instances PCB inventorieswerelower in the cores
externa to the hot spot or dredge location, there were some important exceptions including the four
TAMS exploration areas (cores labeled LH-41, 42, 43, and 44). Twenty-eight cores were sited
outside hot spot or dredge locations. Of these, 21 yielded relatively low PCB concentrations. The
range of the LWA values (representing sediments from 0 to 12-inches) for the 21 coreswas 1 to 27
mg/kg with amedian value of 12 mg/kg. Two of these coreshad larger inventories at depth and were
associated with Hot Spot 39 and dredge location 182. The remaining seven cores with elevated
concentrations were associated with Hot Spots 28, 31, 34, 37, dredge location 182, and TAMS
location 41. The range of LWA for these cores was 46 to 709 mg/kg with a median value of 126
mg/kg. For Hot Spots 28, 31, and 34, the elevated sediment concentrations were found outside the hot
spot boundary but still within the same sediment type as classified by the side-scan sonar
interpretation. These cores would suggest that the dredge location boundaries may need to be

expanded to encompass more of the same sediment type in the vicinity of the dredge location.

4.2.6 Comparison of the 1994 Hot Spot I nventorieswith Other 1977 Estimates

The estimates of total PCB quantities in the hot spots must be presented on aconsistent basis
for the comparisons to be meaningful. Table 4-11 presents the estimates of Macolm Pirnie (1979),
Tofflemire and Quinn (1979), Malcolm Pirnie (1992), and an estimate derived by TAM Sfrom the data
provided in Malcolm Pirnie, 1992. The appropriate low resolution core total PCBs quantities are
derived by multiplying thehot spot areaused in the 1976-1978 estimate by the 1994 mean MPA. The
1976-1978 estimates of theinventory are presented and corrected using asolid specific weight (SSW)
based on the mean total PCB concentration for the hot spot. These SSW values are obtained from
Table 43 rather than accept the original author’s assumption of an SSW of 1 g/cc. Results are

compared via a Delta function, where:

81994 Low Resolution PCB Quantity - (1976-1978) Revised PCB Quantity 9 * 100%

Di = - - (4.2-6)
8 (1976-1978) Revised PCB Quantity I
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In this manner, Delta; (D) is negative for losses and positive for gain. A Delta; of 100% representsa
doubling of the 1976-1978 PCB inventory. A Delta; of -50% represents a halving of that inventory.

Differences between the 1976-1978 and 1994 estimates of more than a factor two are
considered significant and likely to be beyond the level of uncertainty. Hot Spots 25 and 35 lack
significant differences for all inventory estimate comparisons. Hot Spots 28, 31, 34, and 37 have
significant differencesfor each estimate with only 28 showing a gain and the othersloss. Thelosses
are considered definitive because the 1976-1978 estimates may be biased low due to insufficient
depth of cores as discussed previoudly in Section 4.2.3. Thus the estimated 1994-1977 mass loss
represents a minimum estimate of the actual massloss. Overall, six of the seven hot spotsinventories
have a consistent level and direction of changefor all four comparisons. That isHot Spots 31, 34, and
37 show losses greater than 50 percent of the 1976-1978 inventory, Hot Spots 25 and 35 appear to be
unchanged or to have lost no more than a 40 percent and Hot Spot 28 has had a large apparent

increase.

Only Hot Spot 39 shows an insignificant loss in the Malcolm Pirnie (1978) estimate and a
significant gain in both estimates using the Malcolm Pirnie (1992) data. This hot spot shows
considerable levels of PCB contamination at more than two feet of depth including eight incomplete
cores. Of these eight, five have rising **'Cs levels strongly indicating that more contamination lies
below. The Macolm Pirnie (1992) estimate considered only the shallow sediments and therefore,
underestimated the inventory. The MPI (1978) estimate includes the values at depth and yields no
significant change in inventory for Hot Spot 39 to 1994. However, the MPI (1978) estimate is based
on only about one-quarter of the surface area for the hot spot, i.e., 26, 400 nt for the MPI (1978)
estimate and 105,700 nt for the MPI (1992) estimate. Thus, the absolute inventories given by MPI
(1978) and other 1976-1978 estimates are not very different. Although the MPI (1978) estimate was
based on deeper samples, it is still an underestimate of the current inventory as given in the last
section of Table 4-11.

The inventory of Hot Spot 28 appears to have increased between 1.5 and 10 times between
1976-1978 and 1994. The 1994 estimates range from 18-20 metric tons of total PCBsin Hot Spot 28
which iscomparablein scaleto the 23.2 metric ton estimate for the entire Tl Pool inventory given by
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M. Brown et al. (1988) . Like Hot Spot 39, the inventory may have been present but missed by
incomplete cores in the 1976-1978 sediment survey. The 1976-1978 estimates are probably biased
low dueto insufficient core depth causing the true gain to be less than measured dueto failureto core

the entire profile.

Asdiscussed in Section 4.2.3, theissue of sediment inventory gainisparticularly sensitiveto
the accuracy of the original core collection. If earlier coreswere not collected from asufficient depth,
then the 1994 results will show an apparent inventory gain which is not real. An examination of the
high resolution cores presented in Figure 4-23 shows that most PCB deposition occurred prior to
1977. In fact, based on the two cores shown which were collected from this area of the Hudson,
roughly 95 percent or more of the sediment inventory was deposited prior to 1977. Thusthe reported
inventory gains of 194 to 1040 percent for Hot Spots 28 and 39 seem highly unlikely, particularly
given the observed PCB peak concentration which is in the hundreds of mg/kg. The high resolution
coresindicate that sediments of thislevel of contamination were last deposited in the 1970s. Nothing
since 1980 has exceeded the 100 mg/kg level.

In summary, thisanalysis of hot spot inventories shows aconsistent pattern of loss of at least
50 percent of the 1977 inventories for Hot Spot areas 31, 34, and 37 regardless of the source of the
original estimate. Hot Spots 25 and 35 appear to be basically intact or at least have lost no more than
40 percent, again regardless of the source of the original estimate. Inventories for Hot Spots 28 and
39in 1994 are distinctly higher than the 1977 estimates. A small portion of this gain may be due to
post-1977 deposition. However, it appears that the majority of this gain islikely due to inaccurate
estimates derived from cores of insufficient length to capture the post-1954 recent sediment profile.
The best estimate for the 1994 sediment inventoriesisgivenin Table 4-12. A total of 27.3 metric tons
of PCBsresidesin these hot spotswith Hot Spot 28 representing the vast, previousy undocumented,

majority of this material.

4.3 Sediment Contamination in the Near-Shore Environment

As pat of the low resolution coring program in the Thompson Idand Pool, severd
clusters of samples were located in near-shore areas, gpproximately within 50 ft of shore. Part of
this progran was to assess the levd of PCB contaminaion in areas where direct sediment

exposure to loca populations was likely. As a part of this program, cores were collected from 4
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cluster locations with 1 or five cores per location. The specific clusters were numbers 16, 17, 18
and 19. These locations can be seen on Plate 21. On the plate, the clusters are denoted as “LR—
xx” where xx is the cluster number. Three of the clusters (16, 18, and 19) are located around
Griffin I1dand and one (17) is located about 1 mile ypstream across from hot spot 8. Two of these
cluster locations (16 and 18) had a single previous NY SDEC coring location which became the
center of the cluster when locating the coring locations.

The reference point for comparison with these data was the estimated PCB concentration
derived for the Phase 1 Report (TAMS/Gradient, 1991) which used a value of 66 mg/kg as the
exposure point concentration for human exposure in the prdiminary risk assessment. This vaue
represented the 95 percent confidence interva of the aithmetic mean of the shdlow sediment
concentrations based on the 1984 NYSDEC sediment collection effort. Concern with this
edimate semmed from its bads on the entire sediment 1984 data set, potentidly underestimating

near-shore exposure concentrations.

To address this issue to a limited degree, the low resolution sediment coring program
obtained cores from 4 near-shore areas in the TI Pool . Due to some limitations in the
accesshility of the shordine area, not dl near-shore cluster cores were located within 50 ft of
shore. On this bass, a subset of the origind 16 near-shore cores was anadlyzed based on their
proximity to the shordline. A distance of 50 ft was chosen since it approximated a water depth of
4 ft, a likey water depth for wading and swimming. This yielded 11 low resolution cores from
these clusters. The results from this subset are shown in Table 413. The 95 percent confidence
limit vaue (151) is subgtantidly greater than the origind estimate used in the Phase 1 report. Its
usefulness may be limited, however, due to the smdl sample sze. Also represented in the table
ae the minimum, maximum, geomeric mean, aithmetic mean and an unbiased, Minimum
variance esimator (MVUE) of the arithmetic mean. The MVUE represents the best estimate of
the arithmetic mean, given tha the underlying data digribution is log-normd. This property of
the PCB data was discussed previoudy in this report and is not repeated here. The 95 percent
confidence interva isthe vaue typicaly used in risk assessment caculations.
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A second gpproach to estimating the near-shore sediment concentrations for the TI Pool
was made by congdering dl near-shore, fine-grained, low resolution Tl Pool cores within 50 ft
of shore. This yidded a larger data set (19 cores) as wdll as a higher 95 percent confidence limit
(264 mg/kg). The assgnment of sediment classfication was based on the classfications obtained
from the dde-scan sonar results described previoudy in this report and the DEIR. The results
from the two low resolution data groupings were not daidicaly different as might be expected

since many sample locations were common to both groups.

As a last gpproach, the 1984 NYSDEC data set was examined on the same bass, i.e,
fine-grained sediment cores as classfied by sde-scan sonar within 50 ft of shore. These results
yielded vaues smilar to those obtained from the low resolution cores.

In each approach, it is gpparent that the origind estimate of 66 mg/kg for near-shore
sediment exposure in the prdiminary risk assessment was too low and that a vadue in the range
of 135 to 264 would be more appropriate. Given that the origind risk estimate did not exceed the
USEPA acceptable range, it is unlikey tha the revised range will represent an unacceptable risk.
These results will be reviewed and incorporated in the Phase 2 risk assessment as part of the
human hedlth risk assessment.
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4.4 Summary and Conclusions

441 Sediment and PCB InventoriesintheTI Pool

Sediment core profiles obtained in 1994 exhibited arange of characteristics from inventory
gain to lossrelative to the original 1984 core profiles, with sediment inventory loss being the most
common. Some 1984-1994 core pairs strongly suggested sediment scour, based on the apparent

upward vertical movement of the PCB contamination horizon.

The 1984 sediment survey results are best characterized as the sum of trichloro and higher
chlorinated homologues when a correction factor of 0.934 isapplied. The 1994 data showed alinear
decline in the STri+ inventory when plotted against the original 1984 inventory. This loss was

attributed to both dechlorination and to re-release to the water column

Using two different estimates for molecular weight, an estimate for the 1984 sediment STri+
molar inventory was obtained. This estimate was used to track PCB lossto thewater column from the

sediment relative to dechlorination loss over the period 1984 to 1994.

When sediment inventories were grouped by the 1984 STri+ inventory as greater than or less
than 10 g/n?, adtatistically significant trend in the relative inventory change was found. Specifically,
sediments greater than 10g/n yielded inventory losses of about 39 percent. Of this 28 percent was
attributed to PCB re-release to the water column and 12 percent was attributed to dechlorination. The

estimates of 28 and 39 percent represented lower bounds on the actual PCB |osses.

The scale of the PCB loss from these sedimentsis of similar magnitude to the water column
inventory gainsreported in the DEIR. These results confirm and support the contention put forthin the
DEIR that TI Pool sediments contribute directly and substantively to the water column load. For
sediments|essthan 10g/nt, an upper bound on the sediment gain was obtained, at between 87 and 104
percent. Presumably these gains, if real, are due to deposition of PCBs from sediment re-rel ease as

well as upstream inputs.
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Based on these trends, theriver is apparently re-distributing the sediment PCB inventory. Little
evidence for extensive sediment burial wasfound inthe Tl Pool. More core sites exhibited loss than
gain or burial. Instead, it appears that the PCB inventories of the more contaminated sediments are
being redistributed, ensuring that the burial of contaminated sediments with clean sediments is not
occurring. These same processes would al so serveto deliver PCBsto the water column and produce
the loads recorded by both USEPA and GE monitoring.

4.4.2 Sedimentsand PCB Inventories Below the TI Dam

. Comparison of the texture type indicated by the sonar images with the 1976-1978 NY SDEC
sediment survey grain-size data found good agreement. This suggests that the river bottom

depositional types remain constant.

J MalcolmPirnie, Inc. (MPI, 1978), Tofflemire and Quinn (1979), and MPI (1992) provided
estimates of the 1976-1978 total PCB inventory in hot spots located in the Upper Hudson.
Data from the MPI (1992) assessment was used to compare the 1976-1978 and 1994
inventoriesin thisanalysis because of the availability of PCB concentration data and hot spot

area definitions (as scale drawings).

J The historical analyses assumed a solid specific weight (SSW) of 1 g/cc. Based on the low
resolution core relationship between solid specific weight and total PCB concentration,
estimates for SSW ranged from 0.5 to 0.79 g/cc for most 1976-1978 hot spot sample
locations. Applying aSSW based on length-weighted average concentrationsfor 1976-1978
yielded about a 20 to 30 percent decrease in the original PCB inventory estimates.

. Sediment PCB data were shown to be log-normally distributed for both the 1976-1978 and
1994 data. The geometric mean, arithmetic mean, minimum variance, and unbiased estimates
of the arithmetic mean were calculated to estimate and compare PCB inventories.

o Low resolution core samples were placed to define the hot spot area properties, not the
smaller dredge location areas defined in MPI, 1992. The hot spots are the minimum area of

PCB contamination for comparison between 1976-1978 and 1994 inventories.
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Thelow resolution core data provides the best estimate of the 1994 total PCB inventory. For
the 1976-1978 inventory, the most accurate estimate is based on NY SDEC data provided in
MPI, 1992. A comparison of theseinventoriesindicate statistically significant loss of 50 to 80
percent for threehot spots (31, 34 and 37) relative to the 1976-1978 estimate, while Hot oot
28 exhibited an apparent gain of 18 metric tons of total PCBs between 1976-1978 and 1994.

Examination of the core profiles at Hot Spot 28 shows less than half of the sample locations
have undergone deposition (burial). The remaining sites are either unchanged or have
undergone scour based on the presence of the maximum total PCB concentration in the shallow
sediment layer, as well as a net increase in shallow sediment concentration (six-fold) from
1976-1978 to 1994. The deposition history recorded by the high resolution cores indicates
that thistype of risein shallow sediments can only be caused by scour. Between two and five
percent of PCB mass was deposited between 1976-1978 and 1991 based on two dated high
resolution cores collected from the upper Hudson below the TI Dam. The small increase in
inventory in these cores makes such alarge gain ininventory unlikely at Hot Spot 28. Sncethe
high resolution cores are believed to represent continuous deposition, most of the gain at Hot
Spot 28 probably results from an initial inaccurate assessment of the Hot Spot by the 1976-
1977 sediment survey caused by too many shallow cores and grabs.

Hot Spot 39 exhibits buria with total PCB concentrations much greater at depth. Compared to
the Macolm Pirnie, 1978 estimate (which used the entire core) there is not a significant

change in inventory.

Three areas appear unchanged (Hot Spots 25, 35 and dredge location 182) but only one (Hot
Spoot 25) has a sufficient number of samples to confirm the lack of change. Of the two
remaining areas, Hot Spot 35 is better characterized.

Deposition thickness varied considerably and consistently with PCB inventory gain and loss.
The average depth of the maximum total PCB concentration for the low resolution coresis
18.7-inches (46.8-cm) in the hot spots exhibiting an apparent PCB inventory increase and
10.6-inches (26.5-cm) in the hot spots exhibiting loss. The difference in mean depth between
areas of PCB loss and gain is statistically significant.
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Hot Spots 28 and 39 had large PCB inventories of 20 and 4 metric tons, respectively. The
combined total isequivaent to the inventory of the entire Thompson Iland Pool, estimated to
be 23 metric tons by M. Brown et al., 1988. Most of this mass (about 95 percent) was
deposited prior to 1977, based on deposition histories developed from the high resolution

cores.

Because the low resolution cores can be assessed for completeness using both the core
profiles and radionuclide information, the occurrence of sediment PCB inventory lossesfrom
the 1976-1978 sampling to the 1994 low resolution coring can be ascertained more
definitively than can gains. Specifically, because the 1994 inventories are from cores that
penetrated all recent sediments, it is probable that the entire current inventory has been
captured. Therefore, the 1978 inventories may be underestimates. Thus, observed lossesare

minimum estimates and observed gains are maximum estimates.

53'Cs proved to be invaluable in assessing core completeness or near compl eteness, because
the absence of *'Cs in the bottom of the core was a reliable indicator that the core was

complete.

Be occurrence showed a correlation with PCB inventory gain and loss on an areabasis, but
could not be proven to have a statistically significant relationship based on the 1976-1978 to

1994 inventory comparison.

Hot spot boundaries appeared accurate, although in some instances hot spot areas needed to
be increased to include all nearby areas of high contamination. Sonar image interpretation

appearsto provide some guidance asto regions of fine grain, higher contamination sediments.

Comparison of the 1994 inventory with other estimates of the 1976-1978 inventory yield
similar magnitude and direction of mass change in most instances. The MPI (1978) and
Tofflemire and Quinn (1979) estimatestook more of the deeper sedimentsinto account. Thus,
losses tended to be greater and gains smaller as compared to the MPI (1992) estimates of the
1976-1978 inventory. The masschangein Hot Spot 39 became an insignificant lossusing the
MPI (1978) estimates showing that some mass & depth was detected in the 1976-1978
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4.4.3

sediment survey for this region. However, because the area used by MPI (1978) was much
smaller than that for subsequent studies, the actual PCB quantity estimated was still much
smaller than the 1994 estimate based on alarger hot spot area.

The large apparent increases in PCB inventory in Hot Spots 28 and 39 are probably more
related to underestimated PCB inventories in 1976 to 1978 (MPI, 1992) than to actual

increasesin PCB inventory since that time.

Overall, sediments below the Thompson Island Dam exhibit both losses and gains. Losses
totaled aminimum of 3.2 metric tons. Gainswere estimated at 18.6 metric tons, but the actual
gainininventory is probably much less. Poor assessment of Hot Spotsareas 28 and 39 inthe
1976-1978 sediment survey caused by failure to capture what was apparently in place at the
time of surveying yielded badly underestimated PCB inventories at these locations. Based on
high resolution cores collected in the same area of the Upper Hudson, only asmall percent of
the 1994 mass was deposited between 1977 and 1991.

These results show that the stability of the sediment deposits cannot be assured. It islikely that
PCBs will continue to be released from the sediments. Burial of contaminated sediment by
cleaner material is not occurring in most hot spot areas below the TI Dam. Buria of more
PCB-contaminated sediment by |ess contaminated sediment has occurred in Hot Spot 39andto
alimited degreein Hot Spot 28. However, this processislimited and much of the other hot

spot inventories has been re-released to the environment.

Sediment Contamination in the Near-Shore Environment

Sedimentsin the near shore environment were found to have higher PCB concentrationsthan

originaly estimated in the Phase 1 report. (TAMS/Gradient, 1991) Sediment concentrations upper

95% confidence interval for sediment concentrations based on the Low Resolution Coring samples

ranged from 151 to 264 as compared to Phase 1 value of 66 mg/kg. The applicability of these results

may be limited due to the small number of samples. These datawill be considered in the preparation

of the final human health risk assessment in Phase 2.
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444 Summary

In this chapter, 1994 sediment inventories for the Upper Hudson have been compared with
historical studies of the sameriver areas. Comparisons between the 1984 and 1994 sediment surveys
for the Thompson Island Pool demonstrated the occurrence of statistically significant PCB lossesfrom
the sediment over the period 1984 to 1994. During thistime approximately 39 percent of theinventory
of sediments with PCB concentrations greater than 10 g/nt was lost. Of this loss, approximately 28
percent was the result of the re-release of PCB contamination from the sediment via scour or other
sediment release processes. Both these estimates represent minimum estimates of the actual PCB
losses. The remaining portion of the loss was attributed to dechlorination. The level of dechlorination
noted was consistent with that obtained from the change in molecular weight of the PCB mixture as
given in Chapter 3. Sediment inventories greater than 10 g/n? are associated with sedimentswith an
average PCB concentration of 12 mg/kg and higher and peak concentrations of 50 mg/kg and higher.

Concurrent with this loss was the gain in PCB inventory among the less contaminated
sediments (Iessthan 10 g/n?). Inventories were estimated to have increased by 87 to 104 percent. This
gain was attributed to input from upstream as well as the re-release of PCBs from the more

contaminated sediment.

Examination of individually paired 1984-1994 sediment profiles found sites exhibiting
inventory loss, inventory increase and lack of change. Inventory losses were the most commonly
occurring condition, with some sites presenting indications of sediment scour. General burial of

contaminated sediment by clean sediment was not apparent.

The comparison of the 1976-1978 and 1994 surveysfor the areas below the TI Dam yielded
similar conclusions. Of eight hot spot or dredge location areas studied, three exhibited inventory
| osses representing between 50 and 80 percent of the original inventory. Changesin three other areas
could not be discerned. The remaining two areas exhibited apparent large gains which appeared to be
the result of badly underestimated 1976-1978 PCB inventories and not the result of post-1978
deposition. One of these areas exhibited sediment burial although shallow sediments were still
contaminated at the 5 mg/kg level. The other, more massive inventory associated with Hot Spot 28
exhibited many core profiles suggesting PCB loss, probably viascour, based on the occurrence of the
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highest PCB levels in the shallowest sediments. Thus, athough the 1992 estimate for the PCB
inventory at Hot Spot 28 was eleven-fold higher than the origina 1976-1978 inventory estimate,
coring evidence suggests that this area has been losing PCB inventory over time and that the 1976-
1978 inventory was probably higher than the 1992 estimate.

Intotal, the low resolution coring survey achieved itsgoal of assessing current sediment PCB
inventories and estimating inventory change since previous surveys. The results provide unequivocal
evidencefor theloss of PCBsfrom the sediment to the water column, supporting the contentions of the
DEIR (TAMS, et al., 1997). Theseresultsindicate that since 1984, asediment PCB inventory losshas
occurred, representing 28 percent of the PCB inventory from the more contaminated areas of the Tl
Pool. Similarly, since the 1976-1978 survey, aloss of about 3200 kg of PCBs has occurred from the
hot spots below the TI Dam. In the meantime, the possibility of inventory gainsin less contaminated
areas of the river suggest that at least a portion of the re-release is serving to recontaminate other
areas. Ladtly, little evidence was found to suggest that burial of more contaminated materials with

clean sediment was occurring on awidespread basis.
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